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LETTER  TO  THE  SECRETARY. 


Office  U.  S.  Geological  and 
Geographical  Survey  of  the  Territories, 

Washingtouy  January^  1878. 

Sib  :  I  have  the  honor  to  traDsmit  for  publiciitioQ  the  tenth  annual 
report  of  the  geological  and  geographical  survey  under  my  direction, 
embracing  the  completion  of  the  work  known  as  the  survey  of  Colorado 
and  portions  of  adjacent  Territories.  The  systematic  field  investigation 
of  the  six  rectangles  which  are  included  in  what  is  called  the  Atlas  of 
i3olorado  was  commenced  in  the  spring  of  1873,  and  closed  with  the 
season  of  1876.  These  six  sheets  embrace  an  area  of  rugged  mountainous 
country  of  about  70,000  square  miles.  The  field-work  of  the  season  of 
of  1876  was  therefore  entirely  confined  to  the  completion  of  the  work  in 
Colorado,  and  thus  the  area  under  investigation  was  located  in  the 
interior  of  the  country,  far  remote  from  settlements,  and  among  hostile 
bands  of  Ute  Indians  that  attacked  three  of  the  parties  the  previous  year. 

The  point  of  departure  the  past  season  was  Chej-enne,  Wyo.  Two 
of  the  parties,  with  all  their  outfit,  were  transported  by  railroad  to 
Rawlins  Springs,  and  proceeded  thence  southward.  The  other  two 
were  sent  by  railroad  from  Cheyenne  southward,  one  party  to  Trinidad 
and  the  other  to  Gallon  City. 

The  primary  triangulation  party  was  placed  in  charge  of  A*  D.  Wil- 
son, and  took  the  field  from  Trinidad,  the  southern  terminus  of  the 
Denver  and  Rio  Grande  Railroad,  August  18,  making  the  first  station 
on  Fisher's  Peak.  From  this  point  the  party  marched  by  the  valley  of 
the  Purgatoire,  crossed  the  Sangre  de  Cristo  range  by  way  of  Costilla 
Pass,  followed  the  west  base  of  the  range  northward  as  far  as  Fort  Gtir- 
land,  making  a  station  on  Culebra  Peak. 

About  six  miles  north  of  Fort  Garland  is  located  one  of  the  highest 
and  most  ragged  mountain -peaks  in  the  West,  called  Blanca  Peak,  the 
principal  summit  of  the  Sierra  Blanca  group.  On  the  morning  of 
August  28,  the  party,  with  a  pack-mule  to  transport  the  large  theod- 
olite, followed  up  a  long  spur  which  juts  oat  to  the  south.  They  found 
DO  difficulty  in  riding  to  timber  line,  which  is  here  about  12,000  feet 
above  sea-level.  At  this  point  they  were  compelled  to  leave  the  ani- 
mals, and,  distributing  the  instruments  among  the  different  members 
of  the  party,  proceeded  on  foot  ap  the  loose,  rocky  slope  to  the  first 
outstanding  point,  from  which  a  view  could  be  obtained  of  the  main 
peak  of  the  range.  Although  this  first  point  is  only  600  feet  lower  than 
the  main  summit,  yet  the  most  ardaous  portion  of  the  task  was  to  come. 
The  main  summit  is  about  two  miles  north  of  the  first  point,  in  a  straight 
line,  and  connected  with  it  by  a  very  sharp-toothed,  zigzag  ridge,  over 

which  it  is  most  difficult  to  travel,  on  account  of  the  very  loose  rocks 
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and  the  constant  fear  of  being  precipitated  down  on  either  side  several 
hundred  feet  into  the  amphitheatres  below.  After  some  two  hours  of 
this  difficalt  climbing,  they  came  to  the  base  of  the  main  point,  which, 
though  very  steep,  was  soon  ascended,  and  at  11  o'clock  a.  m.  they 
found  themselves  on  the  very  summit.  From  this  point  one  of  the  most 
magnificent  views  in  all  Colorado  was  spread  out  before  them.  The 
greater  portion  of  Colorado  and  New  Mexico  was  embraced  in  this  field 
of  vision.  This  point  is  the  highest  in  the  Sierra  Blanoa  gronp,  and,  so 
far  as  is  known  at  the  present  time,  is  the  highest  in  Colorado.  The 
elevation  of  this  point  was  determined  by  Mr.  Wilson  in  the  following 
manner:  First,  by  a  mean  of  eight  barometric  readings,  taken  synchro- 
nously with  those  at  Fort  Garland,  which  gave  a  difference  between  the 
two  points  of  6,466  feet;  secondly,  by  fore  and  back  angles  of  elevation 
and  depression,  which  gave  a  difference  of  6,468  feet.  The  elevation  at 
the  fort  was  determined  by  a  series  of  barometric  readings,  which,  when 
compared  with  the  Signal  Service  barometer  at  Colorado  Springs,  gave 
it  an  elevation  of  7,997  feet,  making  the  Blanca  Peak  14,464  feet  above 
sea-level.  This  peak  may  be  regarded,  therefore,  as  the  highest,  or  at 
least  next  to  the  highest,  yet  known  in  the  United  States.  A  compari- 
son with  some  of  the  first-class  peaks  in  Colorado  will  show  the  relative 
height : 

Ftet 

Uucoiiipabi«re  Peak,  above  sea-level • 14,235 

Blanca  Peak,  above  sea-level 14,464 

Moant  Harvard,  above  sea-level 14,384 

Cray's  Peak,  above  sea-level 14,341 

Mount  Lincoln,  above  sea-level 14,!296 

Mount  Wilson,  above  8ea-lev«l 14,380 

Long's  Peak,  above  sea-level 14,271 

Pike's  Peak,  above  sea-level 14, 146 

The  foregoing  table  will  afford  some  conception  of  the  difficnlty  en* 
countered  in  determining  the  highest  i)eak  where  there  are  so  many 
that  are  nearly  of  the  same  elevation.  About  fifty  peaks  are  foaud 
within  the  limits  of  Colorado  that  exceed  14,000  feet  above  the  sea-leveL 

From  this  point  the  party  proceeded  westward  across  the  San  Lais 
Valley  and  ap  the  Rio  Grande  to  its  source,  making  two  primary  sta- 
tions on  the  way,  one  near  the  summit  district  and  the  other  on  the  Bio 
Orande  pyramid.  From  the  head  of  the  Bio  Grande  the  party  crossed 
the  continental  divide,  striking  the  Animas  Park,  and  thence  proceeded 
by  trail  to  Parrott  City. 

After  making  a  station  on  La  Plata  Peak,  the  party  marched  north* 
west  across  the  broken  mesa  country  west  of  the  Dolores,  making  three 
stations  on  the  route  to  complete  a  small  piece  of  topography  that  had 
been  omitted  the  previous  year,  on  account  of  the  hostility  of  the  Ute 
Indians.  After  making  a  primary  station  on  the  highest  point  of  the 
Abajo  Mountains,  the  party  turned  eastward  to  Lone  Cone,  where  another 
station  was  made.    Thence,  crossing  the  Gunnison  and  Grand  Rivers, 
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they  proceeded  to  the  great  volcaoic  plateau  at  the  head  of  White  River. 
The  final  station  was  made  between  the  White  and  Yampah  Rivers,  in 
the  northwestern  comer  of  Colorado.  During  this  brief  season  Mr. 
Wilson  finished  abont  one  thousand  square  miles  of  topography,  and 
made  eleven  primary  geodetic  stations,  thus  connecting  together  by  a 
system  of  primary  triangles  the  whole  of  Southern  and  Western  Colo- 
rado. 

In  company  with  the  triangulation  party,  Mr.  Holmes  made  a  hurried 
trip  through  Colorado,  touching  also  portions  of  ISew  Mexico  and  Utah. 
He  was  unable  to  pay  much  attention  to  detailed  work,  but  had  an  ex- 
cellent opportunity  of  taking  a  general  view  of  the  two  great  plain-belts 
that  lie,  the  one  along  the  east,  the  other  along  the  west  base  of  the 
Rocky  Mountains.  For  nearly  two  thousand  miles  travel  he  had  con- 
stantly in  view  the  Cretaceous  and  Tertiary  formations,  among  which 
are  involved  some  of  the  most  interesting  geological  questions.  He 
observed,  among  other  things,  the  great  persistency  of  the  various 
groups  of  rocks  throughout  the  east,  west,  and  north,  and  especially  in 
the  west ;  that  from  Northern  New  Mexico  to  Southwest  Wyoming  the 
various  members  of  the  Cretaceous  lie  in  almost  unbroken  belts. 

Between  the  east  and  the  west  there  is  only  one  great  incongruity. 
Along  the  east  base  of  the  mountains  the  Upper  Cretaceous  rocks,  in- 
clading  Nos.  4  and  5,  are  almost  wanting,  consisting  at  vapBt  of  a  few 
hundred  feet  of  shales  and  laminated  sandstones.  Along  the  west  base 
this  group  becomes  a  prominent  and  important  topographical  as  well  as 
geological  feature.  In  the  southwest,  where  it  forms  the  ^^  Mesa  Verde  " 
and  the  cap  of  the  Dolores  Plateau,  it  comprises  upward  of  two  thou- 
sand feet  of  coal-bearing  strata,  chiefiy  sandstone,  while  in  the  north  it 
reaches  a  thickness  of  3,500  feet,  and  forms  the  gigantic  ^<  hogback  ^  of 
the  Grand  River  Valley. 

While  in  the  southwest  he  visited  the  Sierra  Abajo,  a  small  group  of 
mountains,  which  lie  in  Eastern  Utah,  and  found,  as  he  had  previously 
surmised,  that  the  structure  was  identical  with  that  of  the  four  other 
isolated  groups  that  lie  in  the  same  region.  A  mass  of  trachyte  has 
been  forced  up  through  fissures  in  the  sedimentary  rocks,  and  now  rests 
chiefly  upon  the  sandstones  and  shales  of  the  Lower  Cretaceous.  There 
ia  a  considerable  amount  of  arching  of  the  sedimentary  rocke,  caused 
probably  by  the  intrusion  of  wedge-like  sheets  of  trachyte,  while  the 
broken  edges  of  tbe  beds  are  frequently,  but  abruptly,  pressed  up,  as  if  by 
the  upward  or  lateral  pressure  of  the  rising  mass.  He  was  able  to  make 
many  additional  observations  on  the  geology  of  the  San  Juan  region, 
and  secured  much  valuable  material  for  the  coloring  of  the  final  map. 

lie  states  that  the  northern  limit  of  ancient  cliff-builders  in  Colorado 
and  Eastern  Utah  is  hardly  above  latitude  37^  45^. 

The  Grand  River  division  was  directed  by  Henry  Gannett,  topogra- 
pher, with  Dr.  A.  C.  Peale  as  geologist.  James  Stevenson,  executive 
oAcer  of  the  survey,  accompanied  this  division  for  the  purpose  of  assist- 
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ing  Id  the  management  of  the  Indians,  who  last  year  prevented  the  com- 
pletion of  the  work  in  their  locality  by  their  hostility. 

The  work  assigned  this  division  consisted  in  part  of  a  small  area,  con- 
taining aboQt  1,000  square  miles,  lying  south  of  the  Sierra  la  Sal.  The 
greater  portion  of  the  work  of  this  division  lay  north  of  the  Grand  Biver, 
limited  on  the  north  by  the  parallel  of  39^  30',  and  included  between  the 
meridian  of  lOS©  and  109o  30'. 

This  division  took  the  field  at  Cafiou  City,  Colo.,  about  the  middle  of 
August.  The  party  traveled  nearly  west  up  the  Arkansas  Biver,  over 
Marshall's  Pass  and  down  the  Tomichi  and  Gunnison  Bivers  to  the  Un- 
compahgre  (Ute)  Indian  agency.  Here  they  secured  the  services  of  sev- 
eral Indians  as  escort  in  the  somewhat  dangerous  country  which  they 
were  first  to  survey.  This  area,  lying  south  of  Sierra  la  Sal,  was  worked 
without  difficulty.  It  is  a  broken  plateau  country,  and  presents  many 
extremely  curious  pieces  of  topography.  Eleven  days  were  occupied  in 
this  work. 

The  Grand  Biver,  from  the  mouth  of  the  Gunnison  Biver  to  that  of  the 
Dolores,  t.  e.,  for  nearly  100  miles,  flows  along  the  southern  edge  of  a 
broad  valley,  much  of  the  way  being  in  a  low  caiion,  100  to  200  feet  deep. 
The  course  of  the  river  is  first  northwest  for  25  miles ;  then,  turning 
abruptly,  it  flows  southwest,  and  then  south,  for  about  75  miles.  This 
valley  has  sgi  average  width  of  12  miles.  It  is  limited  on  the  north  and 
west  by  the  <'Boan  or  Book  Cliffs,"  and  their  foot-hills,  which  follow  the 
general  course  of  the  river.  These  cliffs  rise  from  the  valley  in  a  suc- 
cession of  steps  to  a  height  of  about  4,000  feet  above  it,  or  8,000  to  8.500 
feet  above  the  sea. 

From  its  crest  this  plateau  (for  the  Book  Cliffs  are  but  the  southern 
escarpment  of  a  plateau)  slopes  to  the  north-northeast  at  an  angle  of  not 
more  than  five  degrees.  It  extends  from  the  Wabsatch  Mountains  on 
the  west  to  the  foothills  of  the  Park  range  on  the  east,  and  presents 
everywhere  the  same  characteristics.  The  Green  Biver  crosses  it,  flow- 
ing in  a  direction  exactly  the  reverse  of  the  dip.  It  borders  the  Grand 
on  the  north  for  100  miles,  the  crest  forming  the  divide  between  the 
Grand  and  the  White.  On  the  south  side  of  the  crest  are  broken  cliffs ; 
on  the  north  side,  the  branches  of  the  White  cafion  immediately.  This 
leaves  the  divide  in  many  places  very  narrow,  in  some  cases  not  more 
than  30  to  40  feet  wide,  with  a  vertical  descent  on  the  south  toward  the 
Grand  Biver,  and  an  extremely  steep  earth-slope  (35^  in  many  cases)  at 
the  heads  of  the  streams  flowing  north  to  the  White  Biver.  This  crest, 
though  not  over  8,500  feet  in  height,  is  the  highest  land  for  a  long  dis- 
lauce  in  every  direction. 

After  leaving  the  Uncompahgre  agency,  the  party  followed  Gunni- 
son's Salt  Lake  road  to  the  Grand  and  down  that  river  to  the  mouth  of 
the  Dolores,  in  latitude  38^  50^,  longitude  109^  17'.  At  this  point  they 
turned  northward,  and  went  up  to  the  crest  of  the  Book  plateau.  They 
followed  the  crest  to  the  eastward  for  upward  of  100  miles,  or  to  long!- 
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tade  108^  15' ;  theu  descended  to  the  Grand  and  followed  it  ap  to  longi- 
tude 1070  35',  and  tbence  via  the  White  Eiver  (Ute)  Indian  agency  to 
Eawlins,  where  they  arrived  on  October  23. 

The  whole  area  worked  is  about  3,500  square  miles,  in  surveying  which 
about  sixty  stations  were  made. 

The  geological  work  of  this  division,  by  Dr.  Peale,  connects  directly 
with  that  done  by  him  in  1S74  and  1875.  Sedimentary  formations  pre- 
vail in  both  districts  visited  during  the  past  season. 

The  country  first  examined  lies  between  the  San  Miguel  and  Dolores 
Bivers,  extending  northward  and  northwestward  from  Lone  Cone 
Mountain.  The  general  character  of  this  region  is  that  of  a  plateau  cut 
by  deep  gorges  or  caiions,  some  of  which,  especially  toward  the  north, 
extend  from  the  sandstones  of  the  Dakota  group  to  the  top  of  the  Red 
Beds.  The  depth  of  the  caiion,  however,  is  no  indication  of  its  impor- 
tance as  a  stream-bed,  for,  excepting  the  main  streams,  it  is  dry  the 
greater  portion  of  the  year.  There  are  not  great  disturbances  of  the 
strata,  what  folds  do  occur  being  broad  and  comparatively  gentle. 

The  San  Miguel  Biver,  on  leaving  the  San  Juan  Mountains,  flows 
toward  the  northwest,  and,  with  its  tributaries,  cuts  through  the  sand- 
stones of  the  Dakota  group,  exposing  the  variegated  beds  lying  beneath, 
that  have  generally  been  referred  to  the  Jurassic.  About  25  or  30  miles 
north  of  Lone  Cone,  the  river  turns  abruptly  to  the  west  and  flows  west 
and  southwest  for  about  15  miles,  when  it  again  turns  and  flows  gener- 
ally northwest,  until  it  joins  the  Dolores.  Between  the  San  Miguel  and 
Lone  Cone  the  sandstones  of  the  Dakota  group,  or  No.  1  Cretaceous, 
are  nearly  horizontal,  forming  a  plateau  which,  on  approaching  the 
mountains,  has  a  cropping  of  Cretaceous  shales. 

Beyond  the  bend,  the  San  Miguel  flows  in  a  monoclinal  valley,  in 
which  the  caiion  walls  are  of  the  same  description  as  in  the  upper  part 
of  its  course.  As  the  mouth  is  approached,  the  lied  Beds  appear. 
Between  this  i)ortion  of  the  course  of  the  San  Miguel  and  the  almost 
parallel  course  of  the  Dolores,  which  is  in  a  similar  monoclinal  rift,  there 
are  two  anticlinal  and  two  synclinal  valleys  parallel  to  each  other. 
They  are  all  occupied  by  branches  of  the  Dolores.  Lower  Cretaceous, 
Jurassic,  and  Triassic  strata  outcrop,  and  present  some  interesting  geo- 
logical details,  which  will  be  fully  considered  in  the  report  on  the  district. 
The  Dolores  Biver  comes  from  a  high  plateau  in  a  zigzag  course,  flowing 
sometimes  with  the  strike,  and  sometimes  with  the  dip  of  the  strata. 
Its  general  course  on  the  western  line  is  about  northwest,  from  which  it 
turns  to  the  northward  and  westward,  finally  changing  to  northwest 
again,  to  its  junction  with  the  Grand.  It  is  in  canon  the  greater  part  of 
its  course. 

In  the  region  of  country  north  of  Grand  Biver,  the  geological  forma- 
tions extend  uninterruptedly  from  the  Bed  Beds  exposed  on  Grand 
Eiver  to  the  white  Tertiary  cliffs  forming  the  summit  of  the  *'Boan 
Mountains,'^  or  Book  Cliffs.    The  Grand  is  generally  in  a  caiion  in  the 
n  a 
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Ked  Beds ;  on  the  north  side  the  "So.  1  Cretaceous  sandstone  forms  a 
hogback,  sloping  toward  the  cliffs.  Between  the  crest  of  this  hogback 
and  the  cliff's  there  is  a  broad  valley  formed  by  the  erosion  of  the  soft 
Cretaceous  shales  which  extend  to  the  base  of  the  cliffs,  and  in  some 
places  form  their  lower  portion.  The  cliffs  are  composed  mainly  of 
Cretaceous  beds,  rising  one  above  another  in  steps  until  an  elevation  of 
about  8,000  feet  is  reached.  The  summit  is  the  edge  of  a  plateau  slop- 
ing to  N.  N.  E.  This  plateau  is  cut  by  the  drainage  flowing  into  the 
White  Elver  from  the  south.  These  streams  rarely  cut  through  the 
Tertiary  series. 

Coal  of  poor  quality  is  found  in  the  sandstones  of  the  Dakota  group, 
and  also  in  the  sandstones  above  the  Middle  Cretaceous  beds.  Wher- 
ever noticed  it  was  in  their  seams,  and  of  little  economic  importance. 

The  White  Biver  division  was  directed  by  6.  B.  Chittenden,  as  topog- 
rapher, accompanied  by  F.  M.  Endlich,  as  geologist. 

The  district  assigned  to  this  party  as  their  field  for  exploration  during 
the  season  of  1876,  commenced  on  the  eastward  at  longitude  107^  30', 
joining  on  to  the  work  previously  done,  and  extended  westward  30  miles 
into  Utah  Territory.  Its  southern  boundary  was  N.  latitude  39^  38', 
while  the  White  Eiver  formed  the  northern  limit.  In  order  to  complete 
to  the  greatest  possible  advantage  in  the  short  time  that  could  be  al- 
lowed, it  was  determined  to  make  the  White  Kiver  agency  headquarters, 
and  in  two  trips  f^om  there  finish  the  work.  About  3,800  square  miles 
comprised  the  area  surveyed. 

In  working  up  the  topography  of  this  district  the  party  spent  48  days 
of  absolute  field-work,  made  41  main  topographical  stations  and  IG  auxil- 
iary ones,  and  traveled  within  the  district  about  1,000  miles.  The  party 
ascertained  the  courses  of  all  the  main  trails,  the  location  and  quality  of 
almost  all  the  water,  which  is  scanty  throughout,  and  can  map  with  con- 
siderable accuracy  the  topographical  forms  and  all  the  water-courses. 
The  area  is  almost  entirely  devoid  of  topographical  "  points,''  and  the 
topographer  is  obliged  to  depend  to  a  considerable  degree  on  those  far 
to  the  north  and  south  for  the  triangulation.  The  country  has  hereto- 
fore been  almost  entirely  unexplored,  and  was  described  by  the  nearest 
settlers  as  a  broken  cafion  country,  extremely  dry.  It  was  marked  on 
the  maps  as  a  high,  undulating  plateau,  with  fresh-water  lakes  and 
timber.  The  party  saw  no  lakes  of  more  than  400  yards  in  diameter, 
and  only  two  or  three  of  these.  The  country  is  nearly  all  inhabitable, 
both  winter  and  summer,  and  considerable  portions  of  it  valuable;  and 
though  three-quarters  of  it  is  within  the  TJte  Indian  reservation,  the 
advantage  of  a  more  accurate  knowledge  of  its  character  can  readily 
be  seen. 

While  working  in  the  low,  broken  country  of  southwestern  Colorado, 
last  year,  Mr.  Chittenden  made  use  of  a  light,  portable  plane-table,  and 
found  it  of  great  value.  It  appeared  at  that  time  that  its  value  was 
greatest  in  that  class  of  country,  and  that  in  a  low,  rolling  district,  with 
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few  promioeut  points, or  ina  high  inoantain  couDtry,  it  would  probably 
be  of  little  or  no  nse.  Altitudes  were  determined  by  tbe  mercurial  ba- 
rometer, witb  a  base  at  tbe  Wbite  Eiver  Indian  afi^eucy,  and  cbecked  by 
a  continuous  system  of  vertical  angles.  Tbe  altitude  of  tbe  agency  bas 
been  determined  by  a  series  of  barometric  observations  extending  over 
two  years  and  a  balf,  and  referred  to  railroad  levels,  and  can  probably 
be  depended  on  to  witbin  a  few  feet.  Tbe  altitude  of  tbe  agency  being 
about  0,500  feet,  and  tbe  altitudes  in  tbe  district  ranging  from  5,000  to 
8,000  feet,  makes  its  location  tbe  best  possible  in  beigbt  for  a  barometric 
survey  of  tbe  region. 

It  is  tbe  intention  of  tbe  survey,  during  tbe  coming  year,  to  publisb 
some  tabulated  results  of  tbe  barometric  work  in  Colorado,  sbowing  tbe 
system  and  its  accuracy  and  reliabilit3*.  Tbis  may  be  of  use  in  future 
work,  since  tbe  topograpby  of  tbe  whole  west  must  greatly  depend  on 
barometric  determinations  of  altitude,  and  Colorado  basfnrnisbed  almost 
every  possible  pbase  of  western  topograpby. 

The  longest  dimension  of  tbe  work  lying  east  and  west,  and  tbe  White 
and  Grand  Rivers  running  in  approximately  parallel  courses,  tbe  dis- 
trict stretched  from  tbe  White  River  up  over  tbe  divide  between  the 
Grand  and  White,  and  embraced  tbe  beads  of  tbe  lateral  drainage  of 
the  former  river. 

Tbe  general  to|X)graphy  is  a  gentle  rise  from  tbe  Wbite  River  toward 
tbe  south,  and  a  sudden  breaking  olf  when  tbe  divide  is  reached  into 
ragged  and  often  impassable  clifl's,  known  on  the  maps  as  tbe  Roan  or 
Book  Mountains.  Tbe  gentle  plateau  slope  of  tbe  White  River  side  is 
cat  by  almost  numberless  and  often  deep  canons,  and  in  many  cases  the 
surface  of  the  country  bas  been  eroded  away,  leaving  broken  and  most 
picturesque  forms,  tbe  lower  benches  generally  covered  witb  cedars  and 
piuons,  and  tbe  upper  rich  in  grass. 

There  are  four  main  streams  draining  iuto  tbe  Wbite  River  witbin  the 
limits  of  our  work — a  distanceof  something  over  100  miles.  Tbe  eastern^ 
most  is  a  large  running  stream  ;  tbe  second,  tbougb  tolerably  good  water 
may  be  found  in  pools  in  its  bed,  carries  in  tbe  summer  no  running 
water  for  tbe  greater  [wirt  of  it«  course ;  tbe  third  has  for  mOst  of  its 
length  a  trickling  stream  of  tbe  bitterest  of  alkali  water,  while  tbe  fourth 
and  westernmost  one  is  perfectly  dry  for  some  twenty -five  miles  from  its 
moatb,  and  then  forks,  one  branch  containing  pure,  sweet  water  in  pools, 
the  other  a  running  stream  of  bitter  alkali.  All  of  these  streams  have 
more  or  less  good  water  at  their  beads.  The  party  traveled  nearb'  the 
whole  length  of  all  these  water-courses,  but  found  good  trails  only  in 
the  two  middle  ones.  Trails,  which  traverse  the  whole  district  in  every 
possible  direction,  keep  mostly  on  tbe  summits  of  the  ridges  and  plateaus, 
and  by  taking  care  not  to  cross  tbe  canons,  the  country  is  very  easily 
traveled  through. 

The  country  is  almost  entirely  destitnte  of  timber,  and  has  but  little 
good  water.    It  is,  however,  abundantly  supplied  with  grass,  and,  espe- 
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cially  in  tho  winter  season,  must  be  well  stocked  with  game.  It  seems 
well  adapted  to  its  present  use  as  an  Indian  reservation,  and  is  likely  to 
remain  for  years  to  come  more  valuable  for  the  Indians  than  it  could 
be  for  settlement. 

In  the  far  western  portion,  and  outside  the  limits  of  the  reservation, 
one  large  vein  of  asphaltum  and  several  small  veins  were  found,  and  also 
running  springs  of  the  same  material,  all  of  which,  if  once  reached  by 
railroads,  will  prove  of  great  commercial  value.  These  deposits  have 
been  spoken  of  before,  but  their  location  has  not  been  accurately  de- 
termined. The  principal  vein  seen  by  this  party  is  at  present  about  one 
hundred  miles  from  railroad  communication,  but  less  than  half  that  dis- 
tance from  white  settlement,  and  is  likely  in  the  present  rapid  growth 
of  that  country  to  be  within  a  few  years  made  available. 

According  to  the  reiiort  of  F.  M.  Eudlich,  the  geology  of  this  district  is 
very  simple,  though  interesting.  Inasmuch  as  but  one  divide  of  impor- 
tance occurred  within  the  district,  the  work  was  somewhat  simplified. 
This  was  formed  by  the  Book  Cliffs,  between  the  drainages  of  the  Grand 
on  the  south  and  the  White  on  the  north.  Both  these  rivers  flow,  a  lit- 
tle south  of  west,  into  Green  liiver,  which  they  join  in  Utah.  From  the 
junction  of  the  Grand  and  Green  downward  the  river  is  called  the  Great 
Colorado.  Orographically,  the  region  surveyed  is  comparatively  sim- 
ple. The  Book  Cliffs  are  the  summit  of  a  plateau  about  8,000  feet  above 
sea-level,  continuing  unbroken  over  to  the  Green  Biver.  Toward  the 
south  these  cliffs  fall  off  very  steeply,  forming  deep  caiions  that  contain 
tributaries  of  the  Grand  River.  On  the  north  side,  with  the  dip  of  the 
strata,  the  slope  is  more  gentle,  although,  in  consequence  of  erosion, 
numerous  precipitous  cliffs  are  found.  Descending  in  that  direction,  the 
character  of  the  country  changes.  Instead  of  an  unbroken  slope,  we 
find  that  the  plateau  has  been  cut  parallel  by  the  White  Biver  drainage, 
and  the  long,  characteristic  mesas  of  that  region  testify  to  the  action  of 
erosion.  Approaching  the  river,  constantly  descending  with  the  slight 
dip  of  the  strata,  the  bluffs  become  lower  and  lower.  Though  the  creek- 
valleys  are  wide,  and  at  certain  seasons  no  doubt  well  watered,  the  veg- 
etation is  that  of  an  arid  country.  Dwarf  pines,  piilons,  and  sage-brush 
abound,  to  the  almost  entire  exclusion  of  other  trees  or  grass.  Travel- 
ing down  White  Biver,  this  character  is  again  found  to  change.  A  new 
series  of  bluffs,  occasioned  by  heavy,  superincumbent  strata,  gives  rise 
to  the  formation  of  deep  caiions.  For  forty-five  miles  the  party  followed 
the  caiion  of  the  White,  that,  no  doubt,  is  analogous  to  that  of  the  Green, 
and  probably  closely  resembles  that  of  the  Colorado  in  its  detail  features. 
Vertical  walls  inclose  the  narrow  river-bottoms,  and  the  slopes  of  the 
higher  i)ortions  are  ornamented  by  thousands  of  curiously-eroded  rocks. 
^^ Monuments''  of  all  kinds,  and  figures  that  can  readily  be  compared 
to  those  of  animated  beings,  enliven  the  scenery,  which  otherwise  would 
be  very  monotonous;  2,000-3,000  feet  may  be  stated  as  the  height  of  the 
walls  inclosing  the  White  Biver. 
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Geologically  speaking,  the  district  was  one  of  singular  nniformity. 
Traveling  westward,  the  older  formations  reaching  back  as  far  as  the 
Triassic,  were  found.  This  was  followed  by  Gretaceons,  which  in  turn 
was  covered  by  Tertiary.  About  three-quarters  of  the  region  surveyed 
was  found  to  contain  beds  belonging  to  this  period.  Owing  to  the  lith- 
ological  character  of  the  strata,  water  was  a  rare  luxury  in  this  region, 
and  men  and  animals  were  frequently  dependent  upon  looking  for  springs. 
Farther  west  still  the  Green  River  group  sets  in,  forming  those  numer- 
ous cations  of  which  that  of  the  White  Kiver  is  one. 

Having  completed  their  work  by  October  14,  the  party  marched 
eastward  through  Middle  Park,  and  after  twelve  days  of  rain  and  snow 
reached  Boulder  Gity,  Colo. 

The  field-work  of  the  Yampah  division  during  the  past  season  was 
principally  confined  to  a  district  of  Northeastern  Colorado,  lying  between 
the  Yampah  and  White  Rivers,  and  between  Green  River  and  the  sub- 
ordinate range  of  mountains  that  lies  west  of  and  parallel  with  the  Park 
range.  The  area  is  embraced  between  parallels  31P  3(K  and  40^  30', 
and  meridian  107o  30"  and  109o  30'. 

The  party  consisted  of  Mr.  G.  R.  Bechler,  topographer,  directing,  ac- 
eompanied  by  Dr.  G.  A.  White,  the  well-known  geologist.    They  pro- 
ceeded southward  Trom  Rawlins  Springs,  a  station  on  the  Union  Pacific 
Bailroad,  August  6,  toward  their  field  of  labor.   From  Rawlins  Springs 
to  Snake  River,  a  distance  of  eighty  miles,  tablelands  form  the  chief 
feature  of  the  topography,  while  from  Snake  River  to  the  Yampah  River 
the  Borface  is  more  undulating  and  thickly  covered  with  sage.    Between 
the  Yampah  and  White  Rivers,  a  distance  of  fifty  miles,  the  country  is 
moantainons,  and  on  the  divide  between  the  Yampah  and  White  Rivers 
the  elevation  is  8,000-0,000  feet.    Mr.  Bechler,  after  having  formed  the 
geodetic  connection  with  the  work  of  previous  years,  concluded  to  finish 
the  more  mountainous  portion  of  the  area  assigned  to  him,  which  be- 
gan from  a  line  of  meridian  with  the  White  River  agency,  and  extended 
westward  to  about  108^  10^    Here  the  party  found  water  and  grass  in 
abandance,  with  one  exception.    The  plateau  country,  however,  was  so 
destitute  of  water  and  so  cut  up  with  dry  gorges  or  caiions,  with  scarcely 
any  grass  or  timber  of  any  kind,  that  traveling  was  rendered  very  diffi- 
cult.   The  party  therefore  made  White  River  its  base  of  supply  for 
water  and  grass,  making  side  trips  into  the  barren  hill-tops  or  plateaus 
in  every  direction. 

From  the  Ute  agency,  which  is  located  approximately  in  latitude  38^ 
58^  and  longitnde  107  ^  48^,  the  White  River  takes  an  almost  due  west 
course  for  15  or  18  miles,  most  of  the  way  through  an  open  valley,  with 
here  and  there  narrow  gorges.  About  50  miles  from  the  agency  the 
river  opens  into  a  broad,  barren  valley,  with  only  here  and  there  scanty 
patches  of  vegetation.  Soon  after  the  river  enters  a  deep  cailon,  with 
vertical  walls  2,000  feet  or  more  in  height,  and  continues  to  increase  in 
depth  until  the  river  flows  into  the  Colorado  of  the  West. 
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The  Yampah  or  Bear  River  deviates  from  a  westerly  course  only  for  a 
few  miles  occasionally.  Like  White  Biver,  it  flows  through  a  ])lateau 
country,  which  rises  gently  from  the  river  back  for  a  distance  of  about 
eight  miles.  South  of  the  river  lie  the  Williams  Biver  Mountains,  which 
have  a  gradual  slope  to  the  north.  Williams  Fork,  flowing  from  a  south- 
eastern direction,  joins  the  Yampah  Biver  west  of  the  junction.  The 
Yampah  traverses  the  country  more  or  less  in  a  caHon,  occasionally  emerg- 
ing info  an  open,  grassy  valley,  then  enters  a  deep  caQon,  cuts  through 
the  Yampah  Mountains,  when  it  joins  with  the  Snake  Biver.  The  place 
of  junction  resembles  a  fine  park,  surrounded  on  all  sides  with  eroded 
terraces  and  plateau  spurs  that  rise  by  steps  to  the  divide  on  either  side. 
This  park  is  about  eight  miles  in  length  from  east  to  west.  After  leav- 
ing this  park  the  river  enters  a  huge  fissure  in  the  mountains,  where  it 
remains  until,  completing  its  zigzag  course,  it  joins  the  Green  Biver  in 
longitude  lOOo  4(K  and  latitude  32o.  After  the  junction  with  the  Yam- 
pah, the  Green  Biver  continues  in  a  caHon  for  fourteen  miles,  where  it 
passes  through  the  picturesque  palisades  of  Split  Mountain  into  an  open, 
broad  valley,  longitude  109^  15',  latitude  4XP  28',  from  which  point  it 
takes  a  southwest  direction  through  the  Wamsitta  Valley,  where  it 
unites  with  the  White  Biver.  Into  both  White  and  Yampah  Bivers  nu- 
merous branches  extend  from  either  side,  terming  deep  canons  the 
greater  portion  of  their  length.  We  may  say,  in  brief,  that  the  sides 
of  the  valleys  expand  and  contract,  at  one  time  forming  the  beautiful 
grassy  valleys  which  in  olden  times  were  celebrated  as  the  favorite  win- 
tering places  for  the  trappers,  or  contracting  so  as  to  form  narrow 
caiions  or  gorges  with  walls  of  varied  height. 

The  walls  of  Yampah  Caiion  average  1,000  feet,  while  the  mountains, 
receding  back  to  the  northward,  attain  an  elevation  of  4,200  feet,  while 
the  highest  point  of  the  plateau  on  the  south  side  is  3,400  feet  above  the 
river-level. 

Of  the  plateaus  between  White  and  Yampah  Bivers,  Yampah  pla- 
teau is  the  largest,  and  occupies  an  area  of  400  square  miles.  The  sur- 
face of  the  summit  is  undulating,  and  on  the  south  side  it  presents  a 
steep  face,  several  hundred  feet  in  height,  covered  with  debris,  render- 
ing it  almost  inaccessible.  This  plateau  is  covered  with  excellent  grass, 
and  gives  origin  to  numerous  springs,  all  of  which  dry  up  within  a  short 
distance  of  their  source. 

As  a  whole,  this  district  is  very  arid,  barren,  and  almost  destitute  of 
tree  vegetation. 

The  total  number  of  stations  made  by  Mr.  Bechler  in  the  district  as- 
signed to  him  was  40,  and  the  entire  area  was  about  3,000  square  miles. 
Barometric  observations  were  made  whenever  needed,  and  about  2,000 
angles  of  elevation  and  depression,  with  fore  and  back  sights,  so  that 
material  for  obtaining  correct  altitudes  is  abundant. 

The  rocks  of  this  district  embrace  all  the  sedimentary  formations  yet 
recognized  by  the  investigators  who  have  studied  the  region  that  lies 


LETTER   OF   THE   GEOLOQIST.  XXIII 

between  the  Park  range  and  the  Great  Salt  Lake,  namely,  from  the 
IJiDta  quartzite  (which  uDderlies  the  Carboniferons)  to  the  Brown's  Park 
group,  or  latest  Tertiary,  inclasive.  Not  only  has  the  geographical  dis- 
tribution of  these  formations  been  mapped,  bnt  all  the  displacements  of 
the  strata  have  been  traced  and  delineated.  The  last-named  investiga- 
tions bring  ont  some  interestiDg  and  important  facts  in  relation  to  the 
orographic  geology  of  the  region,  especially  as  regards  the  eastern  ter- 
mination of  the  great  Uinta  uplift  and  the  blending  of  its  vanishing  pri- 
mary and  accessory  displacements  with  those  of  the  north  and  south 
range  above  mentioned.  Much  information  was  also  obtained  concern- 
ing the  distribution  of  the  local  drift  of  that  region,  the  extent  and  geo- 
logical date  of  outflow  of  trap,  &c. 

The  brackish- water  beds  at  the  base  of  the  Tertiary  series,  containing 
the  characteristic  fossils,  were  discovered  in  the  valley  of  the  Yampah. 
They  are  thus  shown  to  be  exactly  equivalent  with  those,  now  so  well 
known,  in  the  valley  of  Bitter  Greek,  Wyoming  Territory.  These  last- 
named  localities  were  also  visited  at  the  close  of  the  season's  work,  and 
from  the  strata  of  this  horizon  at  Black  Buttes  station  three  new  species 
of  Unio  were  obtained,  making  six  clearly  distinct  species  in  all  that 
have  been  obtained,  Associated  together  in  one  stratum  at  that  locality. 
Tbey  are  all  of  either  distinctively  American  types  or  closely  related  to 
species  now  living  in  American  fresh  waters.  They  represent  by  their 
affinities  the  following  living  species :  Unio  clavusj  Lamarck ;  U,  aecuriSj 
Lea;  U. gihbo^us^  BsLvnes ;  U.metanearusj  lia&neeqne]  and  U.  complan- 
atu9^  Solander.  They  are  associated  in  the  same  stratum  with  species 
of  the  genera  CorbulOj  Corbiculaj  Neritina^  ViriparuSy  &c.,  and  which 
stratum  alternates  with  layers  containing  Ostrea  and  Anoniia. 

The  close  affinity  of  these  fossil  Unios  with  species  now  living  in  the 
llississippi  Iliver  and  its  tributaries  seems  plainly  suggestive  of  the 
fact  that  they  represent  the  ancestry  of  the  living  ones.  An  interesting 
series  of  facts  has  also  been  collected,  showing  that  some  of  the  so-called 
American  types  of  Unio  were  introduced  in  what  is  now  the  great  Bocky 
Blonntain  region  as  early  as  the  Jurassic  period,  and  that  their  differen- 
tiation had  become  great  and  clearly  defined  as  early  as  late  Cretaceous 
and  early  Tertiary  times.  Other  observations  suggest  the  probable  lines 
of  geographical  distribution  during  the  late  geological  periods  of  their 
evolutional  descent,  by  one  or  more  of  which  they  have  probably  reached 
the  Mississippi  River  system  and  culminated  in  the  numerous  and  diverse 
forms  that  now  exist  there. 

The  work  of  the  season  of  1876  shows  very  dearly  the  harmonious  rela- 
tions of  the  various  groups  of  strata  over  vast  areas,  that  although  there 
may  be  a  thickening  or  a  thinning  out  of  beds  at  different  points,  they 
can  all  be  correlated  from  the  Missouri  Kiver  to  the  Sierra  Nevada  ba- 
sin. The  fkct,  also,  that  there  is  no  physical  or  paleontological  break  in 
these  groups  over  large  areas  from  the  Cretaceous  to  the  Middle  Tertiary 
is  fully  established.  The  transition  from  marine  to  brackish  water  forms 
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of  life  commences  at  the  close  of  the  Cretaceous  epoch,  and,  without  any 
line  of  separation  that  can  yet  be  detected,  continnes  on  npward  until 
only  purely  fresh-water  forms  are  to  be  found.  Dr.  White,  an  eminent 
paleontologist  and  geologist,  says  that  the  line  must  be  drawn  some- 
where between  the  Cretaceous  and  Tertiary  epochs,  but  that  it  will  be 
strictly  arbitrary,  as  there  is  no  well-marked  physical  break  to  the  sum- 
mit of  the  Bridger  group. 

If,  however,  a  well  defiuetl  nonconformity  is  found  to  exist  it  will  be 
examined  with  great  care  and  its  proper  value  given,  but  up  to  the  pres- 
ent time  the  views  as  stated  above  are  sustained  by  the  facts,  so  far  as 
the  investigations  by  this  survey  have  extended. 

Excellent  progress  has  been  made  in  the  report  on  the  general  geol- 
ogy of  the  country  west  of  the  94th  meridian.  It  is  the  intention  of  the 
survey  to  discuss  the  geology  of  the  portions  of  the  West  which  have  been 
reported  upon  either  by  the  parties  under  my  charge  or  by  others.  It  is 
believed  that  there  is  a  remarkable  unity  in  the  geological  structure  of  the 
entire  area;  that  although  formations  of  the  same  age  have  received  a 
great  variety  of  local  names,  they  will  be  so  correlated  that  a  single  sys- 
tem of  classification  will  include  them  all.  As  an  illustration  the  pliocene 
lake  basins  which  have  received  a  variety  of  names,  as  Loup  Fork, 
North  Park,  Uintad  Group,  Brown's  Park,  Humboldt  Group,  may  all 
be  brought  under  one  generic  term  and  into  one  geological  horizon. 
The  Cretaceous  divisions  which  are  so  well  marked  in  the  Northwest, 
and  have  already  received  suitable  geographical  names,  can  be  extended 
to  the  Pacific  Coast,  and  all  the  fragments  be  brought  into  one  group 
or  another.  I  had  intended  to  publish  several  chapters  on  this  subject 
in  this  report,  but  the  pressure  of  other  duties  prevented  their  comple- 
tion  in  time. 

In  order  to  show  the  unity  more  perfectly  a  map  of  the  country  west 
of  the  04th  meridian  has  been  prepared,  dividing  the  area  into  twenty- 
two  rectangles,  each  of  which  on  a  scale  of  twelve  miles  to  one  inch  will 
form  a  map  of  the  size  of  the  ^^  General  Geological  Map  "  in  the  ^^  Atlas 
of  Colorado."  It  is  believed  that  in  no  other  way  can  a  systematic  idea 
of  the  geology  as  well  as  the  geography  be  obtained. 

The  relation  of  the  topographical  surveys  to  the  general  system  of 
public  land  surveys  is  Important,  and  the  economic  resources  have 
always  been  a  leading  feature  in  our  plans.  The  following  paragraphs 
from  the  letter  of  instructions  of  the  Secretary  of  the  Interior  show  the 
importance  attached  by  the  department  to  these  features: 

In  the  prosecution  of  your  surveys  yoii  will,  when  necessary,  consult  snch  public  land 
surveys  as  have  been  made  under  this  department,  in  the  field  of  your  work,  for  the 
purpose  of  connecting  the  established  lines  with  your  system  of  triangulatioo,  and  of 
accurately  designating  on  your  maps  the  position  of  mineral  claims.  You  will  deter- 
mine as  far  as  possible  the  boundaries  of  Territories  and  Indian  reservations,  and  mark 
the  same  by  suitable  monuments.  You  will  also  ascertain  the  position  of  all  agricul- 
tural lands,  and  of  such  mineral  lands  as  you  may  discover,  by  trigonometrical  measu 
urements,  placing  suitable  monuments  thereon  for  the  guidance  of  the  sarveyois-gen- 
eral  of  the  several  districts  which  may  be  explored  by  you. 
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It  will  be  borne  in  miDd  that  the  ultimate  design  to  be  accomplished  by  these  sor- 
yeys  is  the  preparation  of  suitable  maps  of  the  country  surveyed  for  the  use  of  the 
government  and  of  the  nation,  which  will  afford  full  information  concerning  the  agri- 
cultural and  mineral  resources,  and  other  important  characteristics  of  the  unexplored 
regions  of  our  Territorial  domain.  To  this  end^  a  general  plan  for  mapping  the  area 
of  your  snrvey  should  be  followed.  Such  a  plan  was  adopted  by  this  department  last 
year,  and  accompanied  your  instructions  for  that  year.  You  will  continue  to  conform 
to  said  plan,  and  will  make  such  scientific  ob8er\'ations,  touching  the  geology,  geo- 
graphy, mineralogy,  and  meteorology  of  the  country  surveyed  by  you,  as  may  be  neces- 
sary fur  the  preparation  of  such  maps.  In  addition  thereto,  you  will  obtain  the  neces- 
sary information  for  the  preparation  of  charts,  upon  which  shall  be  indicated  the  areas 
of  grass,  timber,  and  mineral  lands,  and  such  other  portions  of  the  country  surveyed 
as  may  be  susceptible  of  cultivation  by  means  of  irrigation ;  and  will  ascertain  and 
report  upon  the  best  methods  for  accomplishing  this  result. 

The  economic  map  in  the  ^^  Atlas  of  Colorado''  presents  an  example 
of  the  minuteness  of  detail  with  which  the  economic  features  of  a  coun- 
try may  be  laid  down  on  a  chart.  This  map,  covering  an  area  of  over 
100,000  square  miles,  shows  with  remarkable  clearness,  by  means  of 
colors,  the  agricultural  and  pastoral  lands,  the  pine  and  other  forests, 
the  barren  lands,  and  those  above  timber-line — all  the  valuable  mineral 
deposits,  as  coal,  silver,  and  gold.  An  excellent  article  on  the  economic 
resources  of  Colorado,  by  Mr.  Gannett,  is  embodied  in  this  report  In 
all  the  annual  reports  of  the  survey  since  1867  more  or  less  attention 
has  been  given  to  this  subject. 

Before  proceeding  to  a  description  of  the  triangulation  in  Colorado 
and  its  relations  to  the  land  surveys,  it  may  be  well  to  give  a  general 
description  of  the  method  of  locating  points  by  triangulation. 

In  this  method  the  only  direct  measurements  made  are  those  of  one 
or  more  base  lines ;  all  other  measurements  are  derived  from  those  by 
the  measurements  of  angles. 

For  the  measurement  of  a  base  line,  a  flat  extent  of  country,  of  a  suit- 
able length,  is  selected.  The  ground  should  be  as  nearly  horizontal  as 
possible,  and  the  two  ends,  and,  if  possible,  all  points  of  the  proposed 
base,  should  be  intervisible.  The  length  of  the  line  sbould  be  measured 
with  all  the  accuracy  possible  under  the  circumstances,  as  any  error  in 
this  measurement  is  increased  manifold  in  the  subsequent  triangula- 
tion. 

In  the  Coast  Survey  the  lines  are  measured  by  metal  bars,  compensated 
for  temperature,  and  the  contact  between  the  ends  of  the  bars  is  made 
by  a  microscope.  In  this  case  the  operation  of  measuring  and  remeas- 
nring  a  base  five  miles  long  occupies  several  weeks,  and  the  error  does 
not  exceed  a  small  fraction  of  an  inch. 

In  the  work  of  this  survey,  which  does  not  admit  of  the  devotion  of  so 
much  time  and  expense,  these  measurements  have  been  made  with  a 
100-foot  steel  tape.  The  measurements  are,  of  course,  corrected  for 
temperature,  slope,  and  error  of  tape,  and  are  reduced  to  sea-level.  The 
base  measured,  a  distance  of  perhaps  5  or  6  miles,  the  next  step  is  to 
"  expand^  it,  that  is,  to  obtain  from  this  known  distance  of  5  or  G  miles 
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the  accarate  length  of  a  line  20^  30,  or  40  miles  in  length,  the  mean  dis- 
tance between  stations  of  the  triangnlation. 

For  this  purpose,  points  are  selected  on  the  right  and  left  of  the  base 
line,  at  such  distances  from  it  that  the  triangles  formed  by  each  of  these 
points,  and  the  two  ends  of  the  base,  will  be  <<  well  conditioned '';  that  is, 
that  the  angles  of  the  triangles  will  be  as  nearly  equal  as  possible.  Then 
all  of  the  angles  of  each  of  these  triangles  are  measured. 

Kow,  were  these  angles  measured  perfectly,  the  sum  of  the  three  of 
any  triangle  would  be  18(P  plus  the  spherical  excess.  The  amount  of 
the  discrepancy  is  an  indication  of  the  accuracy  of  the  work.  Now,  in 
each  of  these  triangles  there  is  given  a  side  and  the  three  angles,  and 
a  simple  trigonometrical  calculation  gives  the  lengths  of  the  other  sides; 
these  other  sides,  thus  calculated,  furnish  bases  for  further  triangles,  each 
larger  than  those  used  before,  and  thus  the  enlargement  goes  on  until  the 
normal  length  of  sides  of  triahgles  is  reached.  This  completes  the  expan- 
sion, and  thenee  the  triangnlation  goes  on  by  the  simple  measurement  of 
angles,  the  sides  of  the  triangles  being  kept  as  nearly  as  possible  of  the 
same  length  and  the  angles  as  nearly  equal  as  possible. 

A  second  base  is  usually  measured  as  a  cheek  on  the  first.  From  it 
an  expansion  is  made,  and  the  work  connected  with  that  from  the  first. 

To  ascertain  the  direction  or  azimuth  of  these  lines,  it  is  necessary 
to  know  only  the  direction  of  any  one  of  them,  although  practically  the 
directions  of  several  are  measured,  as  checks  on  one  another.  The 
measurement  consists  in  measuring  the  angle  between  the  line  and  some 
slow-moving  star,  usually  the  pole  star,  whose  distance  fk^m  the  north 
jH)le  is  known  at  the  time.  Now,  this  system  of  triangnlation  is  consist- 
ent in  itself,  but  its  position  on  the  earth's  surfiace  is  unknown.  To  de- 
termine this  requires  the  aid  of  astronomy.  One  or  more  of  the  stations 
in  this  triangnlation  must  be  fixed  by  astronomical  means;  and  the  char- 
acter of  the  work  is  such  as  to  warrant  the  employment  of  the  best  in- 
struments and  the  most  refined  methods  for  the  determination  of  the 
latitude  and  longitude  of  this  or  these  points.  For  the  determination  of 
the  latitude,  we  use  the  zenith  telescope,  and  the  method  of  zenith  dis- 
tances of  stars.  To  describe  this  method  would  require  more  space  and 
technical  language  than  could  be  used  here.  Suffice  it  to  say,  that  this 
method  determines  the  latitude  within  a  few  tenths  of  a  second,  where 
a  second  is  about  100  feet.  -^ 

The  longitude  is  determined  by  the  comparison  of  the  local  time  of 
the  station  with  that  of  some  point  whose  position  is  known.  This  com- 
X)arisou  is  made  by  telegraph.  The  beats  of  the  chronometer  are  trans- 
mitted back  and  forth  by  telegraph,  and  recorded  side  by  side  on  paper, 
by  an  ingenious  instrument  known  as  the  chronograph. 

The  difference  between  the  local  times  of  the  two  stations  is  the  difl:er- 
enee  in  longitude.  This  local  time  is  determined  at  each  station  by  ob> 
serving  the  transits  of  stars,  whose  positions  are  known,  with  a  transit 
instrument.    These  observations  give  the  error  ot  the  chronometer  and 
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hence  the  local  time.  By  this  method  the  longitude  of  a  point  can  be 
detenniued  within  30,  40,  or  50  feet  at  the  worst. 

Now,  the  latitude  and  longitnde  of  a  point  being  known,  those  of  all 
other  points  also  are  determined,  as  their  distances  and  directions  from 
the  first  point  are  given  by  the  triangulatiou,  and  the  whole  system  is 
correctly  placed  on  the  earth's  surface. 

In  the  inception  of  the  work  in  Colorado  a  base  line  was  measured 
near  Denver,  mainly  on  the  track  of  the  Kansas  Pacific  Bailroad.  Two 
measurements  were  made  of  it,  with  a  steel  tax>e  100  feet  long,  under  a 
tension  of  16  pounds.  The  end  of  each  100  feet  was  marked  by  a  knife- 
edge  on  the  railroad  track,  or  on  a  low  stool.  The  profile  of  the  line  was 
leveled,  and  the  temperature  of  the  tape  was  constantly  measured. 

The  results  of  two  measurements,  corrected  for  temperature  and  slope, 
are  respectively  31,861.304  and  31,863.102  feet,  showing  a  discrepancy 
of  about  1.8  feet,  or  about  rsin'u  ^^  ^^®  length.  It  was,  of  course,  cor- 
rected for  error  of  tape,  and  reduced  to  sea-leveL 

From  this  base,  triangulatiou  was  extended  and  carried  into  the 
mountains.  Then  a  second  base  was  measured  in  San  Luis  Valley. 
The  methods  were  the  same,  and  the  results  better  than  in  the  case  of 
the  Denver  base.  Six  days  were  occupied  in  its  measurement  and  re- 
measurement.  The  corrected  results  are  as  follows:  28,522.74  and 
28,522J>58  feet,  a  difference  of  only  ^^  of  a  foot  in  5^  miles. 

Connecting  the  triangulatiou  from  those  two  bases  with  one  another, 
the  error  was  found  to  be  only  9jt  inches  to  the  mile.  This  error  is  the 
sum  of  the  errois  of  the  measurements  of  the  bases  and  of  the  triangu- 
latiou as  brought  through  nearly  200  miles.  The  angles  were  measured 
with  theodolites  whose  circles  were  8  inches  in  diameter,  receding  to 
10^^  of  arc.  All  the  stations  were  marked  by  monuments  5  to  10  feet 
in  height. 

In  the  whole  scheme  of  triangulatiou  of  Colorado,  143  complete  tri- 
angles have  been  measured,  with  a  mean  error  of  closure  of  13^^3.  The 
errors  of  measurement  of  the  sides  of  the  triangles  will  not  exceed  i 
of  a  foot  per  mile,  and  the  error  of  location  of  the  primary  stations  is 
not  greater  than  25  feet.  The  area  covered  in  Colorado  is  about  70,000 
square  miles. 

For  the  location  of  the  work  in  latitude  and  longitude,  it  was  deemed 
best,  on  account  of  the  expense  of  instruments,  &c.,  to  ask  the  Coast 
Survey,  which  is  completely  fitted  in  this  respect  for  the  work,  to 
determine  the  latitude  and  longitude  of  several  points  for  us.  This 
they  very  kindly  consented  to  do,  and  established  the  position  of  points 
in  Denver,  Colorado  Springs,  and  Trinidad,  Cola,  for  us  with  the  greatest 
accuracy. 

The  next  point  is,  how  these  locations  are  to  be  used  for  the  inception 
of  land  surveys  in  isolated  mountain  valleys,  and  for  the  elimination  of 
errors  in  the  work  of  these  surveys. 

We  may  premise  that  either  case  requires  more  knowledge  of  surveying 
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than  asaally  falls  to  tbe  lot  of  a  deputy  sorveyor,  and  that  they  will 
not  utilize  these  points  unless  required  so  to  do  by  law. 

In  the  first  of  the  above  cases,  we  may  suppose  a  valley,  surrounded 
by  high,  rugged  mountains,  over  which  it  would  be  very  expensive  to 
run  a  line  at  all,  and  impossible  to  do  it  with  any  approach  to  accuracy. 
Suppose  that  a  mountain  peak  on  the  edge  of  this  valley  has  been  ac- 
curately located  and  its  latitude  and  longitude  given.  Tbe  latitude 
and  longitude  of  the  point  in  this  valley  which  should  be  the  nearest 
township  corner  to  this  peak  can  easily  be  deduced  by  calculation, 
whence  the  distance  and  direction  of  this  supposed  township  comer 
from  the  peak  can  also  be  computed.  All  that  remains  to  be  done,  then, 
is  to  find  the  point  in  the  valley  at  the  requisite  distance  and  direction 
from  tbe  peak,  and  this  point  is  the  township  corner,  whence  the  survey  may 
be  carried  on  in  the  usual  manner.  Take,  as  an  example,  the  valley  of 
the  Uncompabgre,  in  Western  Colorado,  a  large,  fertile  valley,  which  will 
soon  require  to  oe  surveyed.  Tbe  nearest  surveys  are  now,  I  understand, 
on  tbe  Gunnison,  at  the  moutb  of  Ck)chetopa  Creek.  To  carry  a  base 
line  tbeuce  to  the  Uncompabgre  Valley  will  require  the  chaining  of 
about  50  miles  over  rugged  mountain  country.  Instead  of  this,  take 
Mount  Sneffles,  a  peak  in  the  San  Juan  Mountains  overlooking  this 
valley,  as  a  starting  point.  Tbe  townsbip  corner  which  will  come  near- 
est to  tbis  peak  is,  we  will  say,  the  8th  townsbip,  i.  e.,  48  miles  west  of 
the  last  one  at  the  mouth  of  Cochetopa  CreeL*,  where  tbe  surveys  now  ex- 
tend. Knowing  tbe  latitude  and  longitude  of  the  latter  i>oint,  tbat  of  the 
supposed  comer  in  tbe  Uncompabgre  Valley,  being  48  miles  fartber  west, 
can  easily  be  computed,  and  knowing  this,  its  distance  and  direction 
from  Mount  Sneffles  can  also  easily  be  computed,  and  tbe  line  run  from 
the  summit  of  Sneffles  to  the  required  point. 

In  tbe  second  case,  tbat  of  using  these  points  as  checks  on  the  accu- 
racy of  tbe  land  surveys,  I  would  recommend  tbat  the  surveyors,  when- 
ever, in  running  lines,  tbey  pass  near  a  located  point,  be  obliged  to  con- 
nect their  lines  with  it  by  chaining.  Then  tbe  astronomical  position 
of  the  corner,  as  determined  by  their  work,  and  by  connection  with  the 
station  of  triangulation,  sbould  agree.  If  tbey  do  not,  the  most  of  tbe 
error  is  in  tbe  laud  surveys,  and  tbey  should  be  corrected  acconlingly. 
Tbis  will  not  only  vastly  increase  the  accuracy  of  tbe  work,  but  will 
prevent  tbe  manufacture  of  tbe  notes  in  camp. 

Moreover,  tbese  geodetic  stations,  which  are  in  all  cases  mountain 
peaks  whereon  tbe  station  is  marked  by  an  indestructible  stone  caira, 
would  furnish  points  of  reference  for  all  time,  in  case  disputes  should 
arise  concerning  boundaries,  &c. 

Monuments  are  built  on  all  the  stations  in  tbe  primary  triangulation, 
and  on  those  of  tbe  secondary  triangulation,  wherever  material  for  their 
construction  is  available.  Tbey  are  built  of  stone,  simply  piled  up  in 
the  form  of  a  pyramid ;  are  of  a  minimum  heigbt  of  5  feet,  thence  up  to 
1 5  feet. 
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Wbere  material  is  immediately  at  band,  as  is  usually  the  case,  a  mon- 
ument five  to  six  feet  high  can  be  erected  in  half  an  hour  by  two  men. 

Our  experience  has  been  that  the  erection  of  these  monuments  re- 
quires no  additional  force,  and  but  a  trilling  amount  of  time,  and  hence 
need  involve  no  extra  expense  whatever. 

On  our  final  maps,  those  stations  on  which  monuments  have  been 
erected  will  be  appropriately  marked,  and  their  correct  positions,  in  lati- 
tude and  longitude,  will  be  given. 

The  public  land  surveys,  by  use  of  these  monuments,  will  be  enabled 
to  effect  a  great  saving  in  running  baselines  and  guide-meridians  over 
difficult  mountain  country.  Also,  the  large  errors,  which  such  lines  are 
almost  sure  to  involve,  are  avoided. 

A  more  detailed  account  of  the  publications  of  the  survey  and  the 
office  work  will  be  given  in  the  annual  report  for  1877,  which  will  go  to 
press  in  October. 

With  the  hope  that  this  report  will  prove  of  value  to  tbe  government 
and  to  science  it  is  respectfully  submitted. 

I  have  the  honor  to  be  your  obedient  servant, 

F.  V.  HAYDEN, 
United  States  Oeologist. 

To  Hod.  Ca^bl  Sohurz, 

Secretary  of  the  Interior. 
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liETTER  OF  TRANSMITTAL. 

Washington,  D.  C,  November  1,  1877. 

Sib  :  I  have  the  honor  to  transmit  herewith  my  report  on  the  geology 
of  a  i)ortion  of  Northwestern  Colorado,  it  being  the  district  that  was 
assigned  to  me  for  examination  dnriug  the  season  of  1876. 

The  amonnt  of  time  I  was  enabled  to  give  to  the  work  dnring  that 
season  was  comparatively  short,  and  my  movements  in  the  field  having 
been  dependent  on  those  of  the  topographical  party,  the  results  were 
necessarily  incomplete ;  but  having  been  able  to  devote  a  part  of  the 
season  of  1877  to  the  same  district,  I  have  succeeded  in  working  out  its 
structural  geology  with  a  good  degree  of  satisfaction. 

My  method  of  prosecuting  the  work  was,  besides  the  ordinary  exam- 
ination of  the  rocks  and  the  surface  of  the  region  as  I  traversed  it,  to  go 
iiI>OD  the  higher  and  more  prominent  points  and  make  my  field-notes  and 
sketches  there.  Besides  visiting  all  the  topographic  stations  in  this  way, 
I  established  many  note  stations  of  my  own,  also.  Thus  the  whole  dis- 
trict was  examined  in  detail,  and  every  feature  of  its  geological  structure 
was  seen  and  traced  by  my  own  eyes;  which  the  slight  accumulation  of 
soil  or  debris  upon  the  surface  and  the  sparseness  of  vegetation  in  that 
arid  region  rendered  entirely  practicable. 

On  a  subsequent  page  I  have  correlate<l  the  general  section  of  the 
rocks  of  my  own  district  with  those  prepared  by  Powell  and  King,  respect- 
ively, for  adjoining  districts,  as  I  understand  them  after  a  considerable 
personal  examination  of  the  geology  of  those  districts. 

This  report  is  chiefly  confined  to  the  structural  geology  of  the  district, 
which  is  found  to  possess  peculiar  interest;  but  many  interesting  facts 
were  also  observed  concerning  its  economic  and  surface  geology,  drift, 
trap-outflows,  &c.,  which  are  recorded  on  following  pages. 

Very  respectfully,  yours, 

0.  A.  WHITE, 

Dr.  F.  V.  Hayden, 

In  charge  of  the  Oeological  and 

Oeograpkkal  Survey  of  the  Territories. 
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REPORT  ON  THE  GEOLOGY  OF  A  PORTION  OF  1<0RTH WESTERN 

COLORADO. 


CHAPTER  L 

INTRODUCTION. 


The  district  upon  which  the  following  report  is  made,  is  included 
within  the  following  boundaries:  The  eastern  boundary  is  approxi- 
mately upon  a  straight  line  drawn  from  a  point  where  the  meridian 
of  longitude  107^  Sfr  west  from  Greenwich  crosses  White  lliver,  to 
where  the  meridian  of  107^  25^  crosses  Yampa  Biver.  The  northern 
boundary  is  the  parallel  of  north  latitude  40^  3(H  ^  the  southern  is  the 
channel  of  White  River,  and  the  western  the  meridian  of  100^  30^  The 
area  thus  inclosed  contains  about  2,400  square  miles.  The  Yampa 
Biver  has  its  course  near,  and  its  general  direction  approximately  coin- 
cident with  the  northern  boundary  just  mentioned ;  bending  and  mean- 
dering on  each  side  of  it,  so  that,  in  general  terms,  the  Yampa  and  White 
Kivers  may  be  said  to  be  respectively  the  northern  and  southern  bound- 
aries of  tbe  district.  The  meridian  which  constitutes  the  western 
boundary  is  thirty  minutes  west  of  the  joint  boundary-line  between 
Colorado  and  Utah.  The  eastern  boundary  is  not  a  distinctly  defined 
one,  because  this  district  adjoins  the  one  which  was  surveyed  by  the 
late  Mr.  A.  K.  Marvine,  and  which  was  bounded  on  the  west  by  no 
definite  geographical  features.  It  is,  however,  practically  as  above 
stated. 

The  Yampa  and  Wliite  Eivers  are  both  tributaries  of  Green  Eiver, 
which  is  itself  tbe  principal  tributary  of  the  great  Colorado  lliver  of  the 
West.  This  district  is  thus  shown  to  be  upon  the  Pacific-drainage  slope 
of  the  continent,  the  great  Rocky  Mountain  chain  lying  wholly  to  the 
oast  of  it,  but  some  of  the  western  foot  hills  of  which  rest  upon  its 
eastern  border. 

Strictly  speaking,  this  district  is  only  in  part  a  mountainous  one, 
although  it  is  by  no  means  a  plain-country  in  any  considerable  part.  It 
lies  between  two  separate  and  important  mountain  systems,  namely 
those  of  the  Uinta  and  the  Park  Ranges  (the  latter  being  a  subordinate 
portion  of  the  great  Rocky  Mountain  Range),  each  of  which,  especially 
the  former,  occupies  a  portion  of  its  area.  The  Uinta  Mountains  have 
an  east  and  west,  and  the  Park  Mountains  a  north  and  south  trend, 
or,  in  other  words,  their  axes  are  approximately'  at  right  angles  with 
each  other.  The  eastern  end  of  the  Uinta  Range  occu[)ies  a  large  portion 
of  the  northwestern  part  of  the  district,  while  the  eastern  portion  of 
the  district  extends  up  to  the  western  foot-hills  of  the  Park  Range. 

Tbe  district  is  an  elevated  one,  aside  from  its  mountains.  Tbe  lowest 
level  within  its  limits,  which  is  tbe  surface  of  Green  River,  is  about 
5,000  feet  above  the  level  of  the  sea,  wbile  the  higher  points  of  land, 
both  those  of  the  eastern  and  northwestern  )}ortions  of  the  district,  reach 
an  altitude  of  more  than  0,000  feet  above  the  level  of  tbe  sea.  In  con- 
sequence of  this  great  elevation  and  of  the  dryness  of  the  climate*  vege* 
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tation  is  scant  and  in  .laYge  part  dwarfed.  This  scantiness  of  vegeta- 
tion, and  the  rapid,  removal  of  the  dSbris  of  disintegrated  rock  in  time 
of  rains  and  meltip'g  snows,  and  consequent  flooding  of  the  drainage- 
channels,  leaves-  ^b&  surface,  especially  that  of  the  bill  and  valley  sides, 
60  bare  that  -ih^  strata,  for  the  rocks  are  all  stratified,  are  as  distinctly 
seen  as  the'le&ves  of  a  book. 

The  ge(>lo^st,  therefore,  may  go  to  tbe  top  of  any  of  the  monntains 
or  hijgher  bills  and  see  the  geological  strnctnre  of  tbe  neighborhood 
spread,  oat  below  bim  like  a  well-drawn  picture ;  and  even  the  geolog- 
ical j^trorctare  of  the  more  distant  parts  of  the  landscape  may  often  be 
a<cii?ately  determined  A:om  these    elevated  points  of   observation. 
yr^C4$e  conditions  of  the  surface  give  great  advantage  to  tbe  geologist ; 
.    no£  only  insuring  great  accuracy  in  his  work,  but  they  also  enable  bim 
'.'•to  accomplish  it  with  extraordinary  rapidity.    This  explanation,  besides 
/  '  setting  forth  an  interesting  fact,  is  also  really  due  to  those  who,  not 
personally  acquainted  with  the  peculiarities  of  that  region,  may  com- 
pare the  detailed  reports  that  geologists  have  made  upon  various  por- 
tions of  it  with  the  comparatively  short  time  they  are  known  to  have 
been  engaged  upon  the  field-work. 

In  no  humid  country,  where  the  d4bris  of  disintegrated  rock  profusely 
and  often  deeply  covers  the  underlying  strata,  can  the  details  of  geolog- . 
icai  structure  be  so  accurately  ascertained,  even  by  years  of  carefiil 
search,  as  it  may  be  done  in  a  region  like  this,  within  a  few  days. 


CHAPTER    11. 


SUEFACE  FEATURES. 

MOUNTAINS. 

Although  the  elevation,  above  the  level  of  the  sea,  of  the  hills  of  the 
eastern  portion  of  the  diBtrict  is  quite  as  great  as  that  of  any  other 
portion,  the  more  prominently  distinct  moantain  masses  within  its  lim- 
its are  located  in  the  northwestern  qnarter,  and  consist  of  closely  ad- 
jacent and  inseparable  portions  of  the  Uinta  system.  The  Yampa  Pla- 
teaa  constitutes  the  principal  one  of  these  mountain  masses,  the  others 
being  appendages  or  prolongations  from  it,  as  itself  is  an  appendage  or 
accessory  fold  of  the  great  Uinta  Uplift,  lying  upon  the  southern  side  of 
the  eastern  end  of  that  chain.  Section  Eidge  and  Split  Mountain  are 
western  prolongations  or  spurs  from  Yampa  Plateau,  and  Midland 
Bidge  is  a  long  accessory  fold  and  eastern  prolongation  from  the  same, 
at  least  as  a  topographical  featnce.  Tbe  latter  is  not  so  high  as  the 
plateau  except  at  its  western  end,  but  yet  it  forms  a  very  conspicuous 
topographical  feature  of  the  region;  its  bright  red  strata  making  it  also 
a  very  conspicuous  geological  one.  Beyond  this  group  of  subordinate 
mountain  masses,  to  the  northward  and  northwestward,  lies  the  main 
fold  of  the  Uinta  system;  and  stretching  to  the  westward  its  great  chain 
of  peaks  is  seen,  with  their  patches  of  perennial  snow  glittering  in  the 
midsummer  sunlight. 

Junction  and  Yampa  Mountains  are  remarkable,  isolated  mountains, 
each  about  2,000  feet  high  above  the  surface  of  the  lowland  of  the  basin 
out  of  which  they  rise;  but  they  both  belong  to  the  Uinta  system  and 
lie  upon  the  vanishing  extension  of  the  flexure  of  the  great  Uinta  Up- 
lift ;  which  extension  I  have  called  the  axial  flexure.  The  first-named 
mountain  lies  some  three  or  four  miles  east  of  the  eastern  end  of 
the  Uinta  chain,  and  the  latter,  which  must  not  be  confounded  with 
Yampa  Plateau,  lies  some  15  or  16  miles  still  further  eastward,  in  line 
with  the  great  Uinta  Axis.  The  structure  and  relations  of  all  these 
mountains  will  be  discussed  in  a  subsequent  chapter. 

Although  the  elevation  of  the  eastern  portion  of  the  district  is  quite 
as  great  as  that  of  the  mountain  masses  of  the  northwestern  portion, 
the  rise  to  the  eastward  is  so  gradual,  and  the  surface  comparatively  so 
little  broken  into  separate  mountains  within  the  eastern  borders  of  the 
district,  that  it  is  not,  strictly  speaking,  mountainous  there.  Just  be- 
yond its  limits  to  the  eastward  there  is  a  broad  elevated  district  called 
the  White  Biver  Plateau.  This  plateau  has  bean  largely  formed  as 
such  by  a  great  trap-outflow,  the  borders  of  which  are  now  cut  by  ero- 
sion into  deep  gorges  and  ravines,  among  which  White  Biver  and  Wil- 
liams Fork  of  the  Yampa  have  their  rise. 

There  are  some  other  mountain  masses  in  the  more  central  portions 
of  the  district,  left  as  such  by  the  deepening  of  the  drainage*valleys  by 
erosion,  that,  although  they  are  really  important  features,  have  been 
designated  by  distinctive  names  only  so  far  as  it  was  found  necessary 
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to  apply  them  as  aids  in  descriptive  geology.  These  are  the  Danforth  * 
lliJls,  Gray  Hills^  Piiioti  Ridge,  &c.,  the  position  of  each  of  which  is 
showu  upon  the  accompanyiug  map. 

DRAINAGE. 

The  greater  part  of  the  drainage  of  this  district  is  effected  by  both 
the  White  and  Vampa  Eivers,  in  approximately  equal  proportion,  but 
a  large  part  of  the  permanent  water  of  both  these  rivers  is  derived  from 
the  mountain  region  that  lies  beyond  the  district  to  the  eastward. 
Green  River  cuts  across  the  northwestern  portion  of  the  district,  but  as 
it  traverses  deep  caiions  in  the  Uinta  Mountains  along  a  part  of  that 
portion  of  its  course,  it  receives  very  little  addition  to  its  waters  there 
at  any  time  of  the  year  except  what  reaches  it  by  the  Yampa.  Below 
the  cations,  however,  a  few  minor  drainages  reach  Green  River  from 
the  east  side;  and  Ashley's  and  Brush  Greeks  empty  into  it  from  the 
west  side. 

The  water-shed  which  divides  the  drainage  between  the  White  and 
Ynmpa  Rivers  consists  of  an  irregular  and  somewhat  tortuous  line  of 
hiils,  generally  recognizable  as  a  water-shed  crest  when  seen  from  other 
elevations  at  a  distance.  Tbe  eastern  part  of  this  water-shed  lies  along 
the  crest  of  the  Danforth  Ilills,  and  is  deflected  so  that  it  has  there  an 
almost  due  southeast  and  northwest  trend,  the  eastern  end  of  the  dis- 
trict being  almost  wholly  drained  into  the  Yampa.  The  western  portion 
of  the  watershed,  comprising  the  greater  part  of  its  length,  has  an  ap- 
proximately due  east  and  west  course.  Its  western  terminus  is  upon 
the  western  end  of  Yampa  Plateau,  a  large,  broad  mountain  mass,  which, 
as  already  explained,  lies  adjoining  and  is  accessory  to  the  great  Uinta 
Uplift.  The  course  of  the  water-shed  upon  the  plateau  is  in  some  places 
within  four  or  five  miles  of  the  Yampa  River,  which  in  this  part  of  its 
course  runs  in  a  deep,  narrow  canon.  The  relation  of  these  drainage- 
lines  and  their  Water-sheds  to  the  displacements  of  the  strata  in  this  re- 
gion will  be  discussed  under  appropriate  heads  upon  subsequent  pages. 

That  portion  of  this  district  which  lies  between  the  two  great  moun- 
tain systems  before  named  is  more  or  less  deeply  cut  by  drainage-chan- 
nels, leaving  between  them  many  elevations  that  are  quite  worthy  of 
the  name  of  mountains.  The  region  embracing  this  district  lies  far 
within  tbe  limits  of  that  great  portion  of  the  United  States  domain  in 
which  the  annual  rain-fall  is  insufficient  for  the  purposes  of  agriculture. 
In  consequence  of  this  dryness  of  the  climate,  the  drainage-valleys  and 
ravines  just  referred  to,  which  lead  into  the  rivers,  are  with  few  excep- 
tions dry  during  a  great  part  of  the  year.  These  drainage-channels, 
which  for  convenience  of  description  are  called  "  dry  drainage-chan- 
nels,^ all  show  marks  of  an  abundant  and  strong  flow  of  water  and  of 
.great  and  rapid  denudation  of  the  surface  that  is  drained  by  them  dur- 
ing the  wet  season  of  the  year.  A  stranger,  not  familiar  with  the  meteor- 
ological conditions  prevailing  in  this  region,  travelling  through  it  ia 
tbe  summer,  would  be  impressed  with  the  belief  that  tbe  country  was 
formerly  a  well-watered  one,  a  land  of  a  multitude  of  flowing  streams 
•which,  tor  some  cause  not  now  apparent,  had  suddenly  and  permanently 
•ceased  to  flow,  and  that  in  consequence  tbe  land  had  recently  changed 
to  a  dry  and  barren  one. 

Tbe  present  surface  features  of  the  district  are  almost  wholly  due  to 
two  principal   causes,  namely,  elevation  and  consequent  flexion  and 

*So  named  iu  honor  of  Rev.  E.  H.  Danforth,  Indian  agent  at  the  White  River 
agency. 
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Other  displacements  of  the  strata  |  and  both  simultaneous  and  sub* 
sequent  suba^rial  denudation  of  the  strata  thus  elevated.  The  latter 
process  has  produced  what  may  with  propriety  be  called  the  drainage 
features  of  the  region.  These  are  really  the  most  conspicaous  features 
of  all,  for  the  elevated  portions  of  the  great  flexures  have  been  mostly 
removed  by  the  erosion  just  referred  to.  A  part  of  the  drainage  of  this 
district,  like  a  large  part  of  that  of  the  whole  great  region  within  which  it  is 
located,  is  anlecedent.*  That  is,  it  was  evidently  established  before  the 
principal  displacements,  including  the  great  flexures,  were  produced. 
This  view  of  the  subject  implies  that  the  flexures  were  produced  very 
slowly,  and  that  before  the  strata  began  to  bend  the  streams  were  already 
established  upon  the  surface,  and  traversed  the  future  sites  of  the  flexures 
at  various  angles;  and  furthermore,  that  the  streams  continued  to  retaiu 
their  original  positions  by  a  constant  erosion,  equivalent  in  amount  with 
the  elevation  that  was  in  progress.  I  am  not  unaware  of  the  weighty 
objections  that  may  bo  urged  against  this  theory,  but  it  seems  to  accord 
with  the  greatest  number  and  most  important  of  known  facts. 

It  is  a  most  remarkable  fact  that  during  this  elevation  of  the  strata 
the  streams  seem  to  have  been  very  little  influenced  in  or  changed  from 
their  courses  by  either  the  favorable  or  unfavorable  conditions  for 
erosion  of  the  strata  themselves;  mountain  masses  of  quartzite  not 
forcing  a  divergence,  nor  the  softest  strata  inducing  a  departure  from 
their  predetermined  courses.  »So  far  as  my  observation  has  yet  ex- 
tended, it  is  those  channels  only  or  mainly  which  have  a  greater  or  less 
flow  of  perennial  water  that  are  referable  to  the  category  of  antecedent 
drainage.  On  the  other  hand,  the  present  location  of  the  dry  drainage- 
channels  of  the  region,  as  well  as  the  unequal  depth  and  extent  to  which 
the  erosion  has  rciiched  in  them  and  upon  the  surface  they  drain,  is 
largely  due  to  the  diflerence  in  the  lithological  characteristics  of  the 
strata  out  of  which  the  surface  features  have  been  carved,  but  modified 
and  controlled  by  the  displacements  which  the  strata  have  been  sub- 
jected to.  In  other  words,  this  part  of  the  drainage  system  is  mainly 
subsequent  to  or  consequent  upon  the  great  movements  that  have 
resulted  in  the  present  displacements  of  the  strata.  This  '' consequent'' 
drainage,  although  consisting  mainly  of  those  numerous  minor  branches 
which  are  dry  during  a  part  of  the  year,  has  produced  present  physical 
features  that  are  scarcely  lens  conspicuous  than  those  which  have  been 
produced  by  all  other  causes;  for  by  its  agency  almost  all  the  immense 
erosion  aiid  degradation  which  the  region  has  suflered  has  been  accom- 
plished, while  the  principal  streams  have  served  as  vehicles  for  the  trans- 
l)ortatiou  of  the  material  thus  removed  from  the  surface. 

PARKS  AND  BASINS. 

The  terms  **  park  "and  "basin,"  as  names  of  geographical  features, 
have  been  variously  and  somewhat  loosely  used  by  different  wi  iters. 
Finding  it  necessary  to  use  them  in  this  report  for  purposes  of  descrip- 
into,  I  shall  apply  the  term  "  park"  only  to  those  expansions  of  the  river- 
valleys  that  contain  more  or  less  broad  spaces  of  comparatively  level 
land,  a  part  of  which  is  susceptible  of  cultivation  by  irrigation,  and 

•  This  explanation  of  the  relation  that  the  river-valleys  of  the  great  Rocky  Mount- 
ain region  generally  hold  to  the  displacenieuts  that  the  strata  have  8uffcre<l,  by  a88iim- 
ing  thai  the  displaceiuentsi  took  place  after  the  rivers  were  established,  without  mate- 
rial change  in  the  course  of  the  rivers,  was  first  suggested  by  Dr.  Hayden  iu  the 
American  Jonrnal  of  Science  and  Arts  for  May,  1862,  and  afterward  in  his  Report  for 
167^,  page  85.  The  subject  was  afterward  weli  elaborated  by  Professor  Powell  in  his 
reports. 
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Which  are  snrroanded  b^  snch  hills  or  hi^h  lauds  as  usaally  border  the 
valleys.  The  term  '<  basm  "  I  shall  use  for  similarly  excavated  or  hollowed 
spaces  in  the  general  surface  of  the  country  through  which  no  river  or 

Eereunial  stream  flows  by  which  its  lauds  may  be  irrigated.  The  basin 
as  been  produced  by  the  erosion  of  the  dry  drainage-channels,  while 
the  park  has  been  excavated  mainly  through  the  agency  of  a  perennial 
stream.  Parks,  then,beiug  really  portions  of  the  vallejv,  will  be  de- 
scribed in  that  connection,  but  the  basins  of  the  district  will  be  sepa- 
rately considered,  mainly  with  reference  to  their  relation  to  the  struct- 
ural geology  of  the  district.  All  the  parks  of  this  district  are  small,  and 
their  importance  lies  only  in  the  facts  that  their  relation  to  the  struct- 
ural geology  is  similar  to  that  which  the  basins  hold,  and  that  they 
contain  far  the  greater  part  of  the  tillable  land  of  the  region. 

Midland  Basin, — ^This  basin  is  comparatively  small,  but  a  separate  de- 
scription of  it  is  given  because  of  the  important  relation  ic  bears  to  the 
structural  geology  of  its  neighborhood.  It  lies  near  the  middle  of  the 
district,  and  nearer  to  the  southern  than  to  the  northern  border.  Its 
boundaries  may  be  designated  in  general  terms  as  follows:  PiOon 
Ridge  borders  it  upon  the  east;  the  hogbacks  of  the  Midland  Flexure 
upon  the  south ;  the  eastern  end  of  the  Midland  Bidge,  in  part,  on  the 
west ;  and  its  northern  boundary  is  indistinctly  defined  by  the  broad 
ridge  which  forms  the  water-shed  between  the  Yatnpa  and  White  Kiv- 
ers,  separating  Midland  Basin  from  Lily's  Park,  and  is  continuous  with 
the  western  portion  of  the  Danforth  Hills.  It  occupies  a  part  of  the 
broad  anticlinal  axis  of  the  flexure  that  has  brought  up  the  great  mass 
of  Triassic  strata  which  constitutes  Midland  Bidge  and  also  the  Fox 
Hills,  and  Laramie  strata  that  constitute  Pl£lon  Bidge.  The  same  flex- 
ure has,  of  course,  brought  up  the  sandy  shales  and  clays  of  the  Colorado 
Group,  out  of  which  the  basin  has  been  mostly  excavated.  Southwest- 
wardly  this  basin  is  continuous,  with  a  broad  dry  valley  extending  far, 
but  gradually  narrowing,  to  the  westward,  which  valley,  like  the  basin, 
is  mostly  excavated  out  of  the  shales  of  the  Colorado  Group.  The  sur- 
face of  the  basin  has  considerable  irregularity,  but  is  free  from  hills  of 
any  considerable  height.  Its  drainage  all  passes  into  White  Biver 
through  a  gap  in  the  hogbacks  of  Midland  Flexure,  just  west  of  the  east- 
ern end  of  Piiion  Bidge. 

Coyote  Basin, — Unlike  the  other  basins  of  this  district.  Coyote  Basin 
occupies  a  broad  synclinal  instead  of  an  anticlinal ;  also,  it  is  mostly 
excavated  out  of  the  bad-land  strata  of  the  Wasiitch  Group  instead  of 
out  of  the  soft  strata  of  the  Colorado  Group  as  the  others  are.  With  per- 
haps the  exception  of  the  Bridger  and  Uinta  groups,  the  Wasatch  and 
Colorado  groups  are  constituted  of  softer  material  than  any  others  in  this 
region,  although  in  a  portion  of  the  district  the  Wasatch  Group  is  in  part 
a  firm  sandstone.  Wben  the  conditions  were  made  favorable  by  the  flex- 
ures that  all  the  strata  of  the  region  have  suffered,  those  of  the  two  last- 
named  groups  have  yielded  more  readily  to  erosion  than  those  with  which 
they  are  associated.  Hence  the  basins  have  been  excavated  out  of  these 
yielding  strata  only.  Coyote  Basin  is  bounded  easterly  by  the  concave 
sweep  formed  by  the  Gray  Hills  and  Citadel  Plateau;  on" the  north,  in 
part  by  Citadel  Plateau  and  in  part  by  the  broad  ridge  that  forms  the 
water  shed  between  the  White  and  Yampa  Bivers  and  separates  Coyote 
Basiu  from  Axial  Basin ;  on  the  west  by  Piuon  Bidge  and  the  high 
land  that  connects  it  with  the  water-shed  lidge  before  referred  to.  On 
the  south  this  basin  is,  in  part,  continuous  with  the  valley  of  White 
Biver,  with  which  it  communicates  and  into  which  river  it  is  drained. 
Its  surface  is  an  irregular,  desolate  bad-land  area,  traversed  by  numer- 
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oas  drainage-cbaiiDelSy  some  of  vliich  are  quite  large ;  bat  even  these 
are  nearly  or  quite  without  water  in  summer.  The  synclinal  within 
whieh  this  basin  lies  is  partially  surrounded  by  the  great  bend  of  the 
Midland  Flexure  which  is  represented  on  the  geological  map,  and  is  also 
described  in  a  following  poztion  of  this  rei>ort. 

Axial  Basin. — ^Tbis  basin  occupies  a  great  anticlinal  axis,  which  Is 
the  eastward  prolongation  of  the  vanishing  axial  flexure  of  the  Uinta 
Hoontain  nplitt.  It  is  so  long  and  narrow  that  the  term  *' basin  "does  not 
apply  to  it  with  strict  accuracy,  but  the  use  of  such  a  term  in  this  con- 
nection is  not  likely  to  be  misunderstood.  It  extends  from  Junction 
Mountain  nearly  to  the  eastern  border  of  the  district,  and  is  divided 
into  two  portions  by  Yampa  Mountain,  which  is  a  sharp  upthrust  of 
Paleozoic  rocks.  Junction  Mountain  is  a  precisely  similar  upthrust  of 
Paleozoic  rocks,  and  it  also  occupies  a  similar  position  upon  the  Uinta 
axis,  at  the  west  end  of  the  basin.  Indeed  it  separates  that  portion  of 
the  basin  which  has  been  called  Lily's  Park  from  the  main  portion,  in 
the  same  manner  as,  but  less  completely  than,  Yampa  Mountain  has 
divided  that  basin  into  two  parts  further  to  the  eastward. 

The  boundaries  of  the  eastern  portion  of  the  basin,  that  which  lies 
east  of  Yampa  Mountain,  are  more  clearly  definable  than  those  of  the 
western  portion  are,  because  they  consist  mostly  of  escarpment  blufls. 
This  eastern  portion  of  Axial  Basin  is  bounded  on  the  west  by  Yampa 
Mountain ;  on  both  the  north  and  the  south  sides  by  escarpments  of 
Fox  Hills  strata,  and  it  ends  eastwardly  by  a  gradual  rise  of  the  whole 
land  to  the  White  Kiver  Plateau.  The  whole  of  this  eastern  portion  of 
the  basin  was  primarily  eroded  out  of  the  shales  of  the  Colorado  Group, 
but  for  a  distance  of  about  four  miles  east  of  Yampa  Mountain  the  sur- 
face is  covered  by  the  friable  strata  of  the  Uinta  Group.  Upon  the  top  of  a 
hill  aboutthree  miles  eastof  the  eastern  border  of  this  deposit  of  the  Uinta 
Group  rest  some  of  the  strata  of  the  base  of  the  Fox  Hills  Group,  but 
witli  these  exceptions  all  the  surface  of  the  basin  is  occupied  by  the 
shales  of  the  Colorado  Group,  except  where  these  are  obscured  by  soil, 
dHnriSj  or  scattered  drift.  The  Yampa  River  passes  through  only  the 
northwestern  corner  of  this  part  of  Axial  Basin,  but,  viewing  the  region 
topographically,  the  most  natural  course  for  that  river  to  run  would 
seem  to  be  through  the  whole  length  of  the  basin,  instead  of  cuttiug,  as 
it  lias  done,  through  the  elevated  land  that  borders  the  basin  on  the 
north,  and  which  is  composed  of  the  comparatively  hard  sandstones  of 
the  Fox  Hills  and  Laramie  groups.  This  eastern  portion  of  the  basin 
is  drained  by  the  upper  branches  oiMilk  Creek,  and  a  few  other  drain- 
age-channels, which  are  mostly  dry  during  a  part  of  the  year. 

The  boundaries  of  the  western  portion  of  Axial  Basin  are  much  less 
clearly  definable  than  those  of  the  eastern  portion.  In  general  terms  it 
may  be  said  to  be  bounded  as  follows:  On  the  east  by  Yampa  Moun- 
tain ;  on  the  south  by  the  watershed  ridge  between  the  Yampa  and 
White  Kivers ;  on  the  west  by  Junction  Mountain,  in  part,  and  in  part 
by  Lily's  Park.  It  is  continuous  with  Snake  liiver  Valley  to  the  north- 
westward, and  on  the  north  it  blends,  by  a  gradual  rise,  with  the  high 
lands  that  lie  between  the  valleys  of  the  tinake  and  Yampa  Kivers.  The 
western  portion  of  the  basin  is,  therefore,  much  wider  than  the  eastern 
portion,  and  a  very  large  part  of  it  lies  beyond  the  northern  boundary 
of  this  district.  The  portion  that  lies  within  the  district  has,  like  the 
eastern  portion,  been  primarily  excavated  out  of  the  shales  of  the  Col- 
orado Group,  but  its  surface  is  now  occupied  in  very  large  part  b}'  the 
finable  strata  of  the  Uinta  Group,  through  which,  here  and  there,  the 
underlying  Colorado  shales  appear.    Besting  upon  the  Uinta  deposit 
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is  tbe  scattered  drift;  so  common  in  a  large  part  of  this  region.  It 
reaches  considerable  thickness  upon  the  higher  surface  of  the  basin,  and 
also  constitutes  a  large  proportion  of  the  bulk  of  the  water-shed  ridge 
before  referred  to.  Yampa  Biver  traverses  this  part  of  the  basin  from 
east  to  west,  and  it  might,  therefore,  with  some  propriety,  be  designated 
as  a  large  park.  But  its  basin-like  character  constitutes  a  greater  and 
more  conspicuous  feature  than  any  of  the  other  similar  excavations  in 
the  vicinity,  especially  as  it  occupies  the  lowest  ground  between  the 
eastern  end  of  the  Uinta  chain  and  the  mountains  that  lie  to  the  east- 
ward of  this  district.  Other  features  of  both  portions  of  Axial  Basin 
will  be  referred  to  in  the  description  of  tbe  valley  of  Yampa  Biver. 

Red  Rock  Basin. — ^This  basin  is  located  adjacent  to  the  northwestern 
portion  of  Yampa  Plateau,  and  near  the  confluence  of  Yampa  Biver 
with  the  Green.  Midland  and  Axial  i3asins  have  been  eroded  out  of 
soft  strata  that  rest  upon  comparatively  gentle  anticlinal  axes;  and 
Coyote  Basin  has  been  excavated  by  erosion  out  of  other  soft  strata 
that  rest  in  an  equally  gentle  synclinal.  But  Bf'd  Bock  Basin  differs 
materially  from  those  in  the  character  and  condition  of  its  foundation, 
for  it  really  consists  of  a  very  deep  synclinal  flexure  of  the  hard  strata 
of  Carboniferous  age,  from  which  the  somewhat  softer,  but  comparatively 
Ann  Triussic  strata  have  been  removed  by  denudation,  except  at  the 
bottom  of  the  flexure,  which  is  the  bottom  of  the  basin,  where  Triassic 
strata  still  remain.  It  is  the  southern  side  of  this  great  synclinal  that 
I  have  called  the  Yampa  Flexure,  and  which  synclinal  separates  the  main 
Uinta,  I'rom  the  Plateau  Uplift.  This  great  syuclinal  flexure  reaches  its 
maximum  depth  at  the  west  end  of  Bed  Bock  Basin,  where  it  ends 
abruptly  against  a  mountain  mass  that  projects  northwardly  from  Yampa 
Plateau,  by  a  north  and  south  fault  of  about  2,000  feet  downthrow;  the 
depth  of  the  basin  below  the  northern  border  of  Yumpa  Plateau  beii^ 
also  about  2,000  feet.  From  this  fault,  the  basin  pro[)er  extends  east- 
ward Ave  or  six  miles,  when  it  becomes  immediately  narrower  and  grad- 
ually shallower,  and  thence  extends  eastward  as  a  long  narrow  syncli- 
nal valley  until  it  is  lost  among  the  hills  at  the  eastern  end  of  the  Pla- 
teau Uplift.  This  valley  and  the  deep  basin  with  which  it  is  continuous 
would  seem  to  be  a  much  more  natural  place  for  Yampa  Biver  to  flow  in 
than  the  one  it  has  chosen,  and  which  will  be  presently  described,  if  it 
were  not  for  the  theory  already  explained  that  the  streams  are  older  than 
the  flexures  of  tbe  strata.  The  breadth  of  Bed  Bock  Basin  is  about  the 
same  as  its  length.  Its  depth  is  so  great  that  from  the  southern  brim, 
the  bottom  looks  comparatively  plain,  but  it  is  really  traversed  by  deep 
gorges  that  are  cut  in  the  red  Triassic  strata  there,  between  which 
gorges  the  surface  is  rough  and  hilly. 

VALLEYS 

The  descriptions  immediately  following  are  of  the  river — valleys  as 
surface  features.  Their  relations  to  the  displacements  of  the  strata  over 
which  the  rivers  flow  will  be  discussed  in  a  subsequent  chapter.  The 
parks  being  only  portions  of  the  valleys,  the  description  of  each  of  these 
will  be  included  with  that  of  the  valley  to  which  it  belongs. 

White  Biveb  Valley. — White  Biver,  which  in  summer  is  a  rapid 
stream  of  clear,  cold  water,  rises  by  numerous  small  branches  among  the 
gorges  and  ravines  of  White  Biver  Plateau,  all  of  which  have  their  conflu- 
ence with  the  main  stream  before  it  enters  this  district  on  its  westward 
course.  The  bed  of  the  river  is  almost  everywhere  strewn  with  drift- 
pebbles,  and  its  banks  are  usually  easy  of  approach,  except  where  they 
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are  obstructed  by  athick  growth  of  bashes.  The  valley  varies  in  breadth, 
wideDing  in  some  places  to  form  the  parks  before  meDtioned,  while  in 
other  places  it  is  narrowed  to  a  cation,  esi)ecially  where  the  Green  Biver 
Oroap  occapies  both  sides  of  the  river. 

Agency  Park. — Just  above  White  Kiver  Indian  l^gency  the  river  cuts 
through  the  sandstone  strata  of  the  Dakota  Group,  which  there  dip  to 
the  northward  and  norhtwestward  at  a  considerable  angle.  The  dip,  how- 
ever, soon  diminishes,  so  that  for  a  space  of  several  miles  below  the  sofb 
strata  of  the  Colorado  Group  occupy  the  surface.  Out  of  these  strata 
Agency  Park  has  been  excavated,  apportion  of  them  still  occupying  its 
surface;  the  upi>er  layers  of  the  Dakota  Group  appearing  within  the 
park  only  at  one  locality,  which  is  on  the  right  bank  of  the  river,  near 
the  middle  of  the  park.  This  park  is  bounded  on  the  north  by  a  line  of 
escarpment  bluffs  of  the  Fox  Hills  Group ;  on  the  east  and  south  by  hills  of 
Cretaceous  strata  that  lie  at  the  western  foot  of  the  White  Kiver  Plateau ; 
and  on  the  west  by  the  Gnmd  Hogback,  which  is  composed  of  the 
upturned  strata  of  the  Fox  Hills  and  Laramie  Groups  and  separates 
Agency,  from  Powell's  Park. 

Besides  several  dry  drainage-channels  that  traverse  Ageney  Park  to 
White  River,  there  is  one  brook  of  perennial  water.  This  rises  in  the 
hills  to  the  eastward,  and  flows  through  the  park  two  or  three  miles  and 
empties  into  the  river  upon  its  right  bank.  Only  a  small  proportion  of  the 
sniface  of  any  of  the  parks  lies  within  reach  of  irrigating- water  from  the 
rivers  that  run  througk  them,  but,  in  consiequence  of  the  somewhat  rapid 
fall  of  W^hite  Kiver,  a  considerable  area  within  the  limits  of  Agency 
Park  lies  within  reach  of  water  that  may  be  conducted  in  irrigating- 
ditches.  Besides  the  water  that  may  be  thus  taken  from  the  river  for 
irrigating  purposes;  the  brook  before  referred  to  may  also  be  made  to 
furnish  a  small  but,  under  the  circumstances,  valuable  addition.  There 
are  some  broad  level  spaces  within  the  limits  of  the  park,  the  surfaces 
of  which  are  at  various  heights,  a  hundred  feet  or  more,  above  the  level 
of  the  river,  that  cannot  be  reached  by  irrigating-water  from  it,  although 
they  constitute  a  part  of  the  park  surface  proper.  These  have  somewhat 
the  apiiearance  of  morainal  benches,  es[>ecial]y  as  they  are  usually  more 
or  less  thickly  strewn  with  drift  pebbles ;  but  they  are  composed  of  the 
undisturbed  strata  out  of  which  the  park  has  been  excavated.  They 
doubtless  represent  periodical  base-levels  of  erosion  that  were  succes- 
sively reached  during  the  excavation  of  the  valley,  for  they  are  of  vari- 
ous heights  above  the  level  of  the  river  and  are  common  in  all  the  broader 
portions  of  all  the  river- valleys  of  this  region. 

PotceWs  Park. — ^This  park  lies  immediately  west  of  Agency  Park, 
with  which  it  is  connected  by  a  gap  in  the  Grand  Hogback,  through 
which  White  Kiver  flows.  Its  name  is  given  in  commemoration  of  the 
fact  that  Professor  J.  W.  Powell  and  his  party  spent  a  winter  here  during 
his  early  exploration  of  this  region.  It  is  excavated  out  of  the  bad-laud 
strata  of  the  Wasatch  Group  which  flank  the  Grand  Hogback,  and  pass 
by  a  monoclinal  flexure  beneath  the  hills  which  border  it  to  the  west- 
ward, and  which  are  composed  of  Green  River  strata.  This  park  is  only 
four  or  five  miles  wide  from  east  to  west;  but  as  it  communicates  with  a 
long  dry  drainage-valley  that  extends  to  the  northward,  and  also  a  simi- 
lar but  smaller  one  that  extends  to  the  southward,  its  length  north  and 
south  is  great  compared  with  its  width,  although  its  boundaries  are  some- 
what indefinite.  The  greater  portion  of  the  irrigable  land  of  the  park 
lies  on  the  north  side  of  the  river,  and  consequently  within  the  limits  of 
this  district  It  is  Hogback  Valley  that  is  continuous  with  that  portion 
of  Powell's  Park  which  lies  within  this  district,  the  drainage  of  which 
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rises  at  the  north  side  of  Oray  Hills  and  conrses  aloDg  the  flank  of  the 
hogbacks  of  Midland  Flexare  and  thence  parallel  with  the  Grand  Hog- 
back to  White  Eiver.  This  drainage  carries  a  large  amount  of  water  in 
the  wet  season,  but  it  becomes  entirely  dry  in  summer. 

Below  Powell's  Park  the  bluffs  of  the  Oreeu  Eiver  Gronp  come  near 
to  White  Biver  almost  all  the  way  to  its  confluence  with  the  Green,  so 
that  between  Powell's  Park  and  the  western  side  of  Raven  Park  the 
greater  portion  of  the  width  of  the  valley  is  upon  the  northern  side  of 
the  river.  Between  Powell's  Park  and  Coyote  Basin  the  valley  has  con- 
siderable width  on  the  northern  side,  and  at  several  places  there  are 
considerable  areas  of  irrigable  land. 

Raven  Park. — A  comparatively  small  uplift,  which  is  separate  from, 
but  accessory  to,  the  Uinta  Uplifts,  crosses  the  valley  of  White  Biver 
at  a  point  southward  from  Midland  Ridge,  where  it  has  brought  up  to  the 
surface  the  shales  of  the  Colorado  Group;  and  out  of  these  shales 
Raven  Park  has  been  excavated.  The  park  lies  mainly  npon  the  north 
side  of  the  river;  and  since  the  Raven  Park  Uplift  has  a  qnaquaversal 
dip,  the  park  is  wholly  surrounded  by  an  escarpment  of  Fox  Hills 
strata.  The  park  is  a  small  one;  the  river  traversing  its  southern  por- 
tion, a  comparatively  large  i>roportion  of  its  surface  may  be  reached  by 
water  from  irrigatingditches  leading  from  the  river  above  its  upper 
limit.  Raven  Park,  like  the  others  before  described,  and  like  many 
other  portions  of  the  valley,  contains  within  its  limits  some  of  those 
broad  benches  or  table-lands  that  have  been  befttre  mentioned.  They 
are  above  the  reach  of  irrigatingwaters  and  occupy  a  large  portion  of 
the  surface  of  this  park.  Aside  from  the  action  of  White  River,  the 
excavation  of  Raven  Park  has  been  mainly  accomplished  by  an  exten- 
sive dry  drainage-creek  that  has  its  rise  many  miles  to  the  northward, 
upou  the  slopes  of  Midland  Ridge.  For  a  distance  of  several  miles 
below  Raven  Park  the  river  valley  is  moderately  narrow,  but  still  there 
are  some  level  bottom-lands  on  each  side  of  the  stream.  Below  this, 
almost  all  the  way  to  the  western  border  of  the  district,  the  river  runs 
iu  an  almost  continuous,  deep,  narrow  caiion,  which  it  has  excavated 
out  of  the  strata  of  the  Green  River  Gronp.  The  walls  of  this  caiion 
are  always  steep  and  often  perpendicular.  In  some  places  they  are 
nearly  a  thousand  feet  in  height  above  the  river,  and  approach  it  so 
closely  that  it  is  always  difficult,  and  for  many  miles  impracticable  to 
traverse  it  with  a  raule-traiu. 

Yampa  RiVEB  Valley. — ^The  Yampa  has  its  origin  by  numerous 
mountain-brooks  that  rise  among  the  granite  gorges  of  the  Park  Range, 
and  also  among  the  Cretaceous  rocks  that  flank  that  range  on  the  west. 
Like  White  River,  the  Yampa  is,  in  its  upper  portion,  a  clear,  cold  trout- 
stream,  its  bed  being  paved  nearly  all  the  way  from  its  source  to  its 
mouth  with  smoothly-worn  drift-i)ebbles.  The  Yampa  lias  only  two 
tributJiries  in  this  district,  worthy  of  note,  that  carry  perennial  water.' 
These  are  Williams  Fork  and  Milk  Creek,  both  of  which  will  have  fur- 
ther mention  on  subsequent  pages. 

Yampa  Valley,  like  that  of  White  River,  has  its  parks  and  narrower 
spaces  of  low  lauds,  but  it  is  most  remarkable  for  its  canons;  not  so 
much  because  it  has  canons  along  its  coui*se  us  because  that  river 
seems  from  a  superficial  or  topographical  view  to  run  where  nature  had 
placed  especial  obstacles  in  its  way,  apparently  giving  no  heed  to  the 
favorable  opportunities  it  seems  to  have  had  fiDr  pursuing  a  peaceful  and 
easy  course. 

Between  the  eastern  border  of  the  district  and  the  confluence  of  Wil- 
liams Fork,  the  valley  of  the  Yampa  is  a  moderately  broad  one,  the 
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northern  side,  especially,  sloping  gently  np  to  the  high  lands,  while  the 
soathem  side  is  formed  by  the  steeper  slope  of  the  long  high  ridge  that 
constitates  the  water-shed  between  the  Yam  pa  and  Williams  Fork. 
The  dip  of  the  strata,  which  are  those  of  the  Laramie  Oroup,  is  to  tbe 
northward,  and  this  portion  of  the  valley  is  therefore  a  monoclinal  one. 
The  widening  of  tbe  valley  here  is  doubtless  due  to  the  softer  condition 
of  the  strata  of  that  gronp  in  this  vicinity  than  those  of  the  same  form- 
ation have  farther  southward  and  westward  in  this  district.  Much  of 
the  bottom-lond  of  this  part  of  the  valley  is  irrigable  and  the  rapid  fall 
of  the  stream  renders  its  irrigation  easily  practicable. 

Near  the  confluence  of  Williams  Fork,  and  for  three  or  four  miles 
below  that  point,  the  valley  is  narrowed  by  the  encroachment  of  the 
bluffs,  which  are  there  composed  of  the  strata  of  the  Fox  Hills  and  Jjar- 
amie.groups,  those  of  the  latter  group  being  less  soft  there  than  tbey 
are  £irther  up  the  valley,  as  before  mention^.  In  some  places  witbiu 
tbeee  few  miles  of  the  narrowed  valley,  tbe  sides  are  so  steep  as  to  give 
it  tbe  character  of  a  caiion.  This  is  particularly  tbe  case  just  ab<)ve 
Canon  Park,  where  the  river  makes  a  very  abrupt  bend  among  tbe  hills. 

Canon  Park. — This  is  a  very  small  park,  and  is  chiefly  noticeable  be- 
canse  of  its  occurrence  in  a  portion  of  tbe  valley  that  is  otherwise  very 
narrow,  the  sides  of  which  are  steep  and  rocky ;  and  also  because  of  its 
relation  lo  tbe  geological  structure  of  tbe  neighborhood.  Tbe  occur- 
lenoe  of  this  small  i»ark  here  is  evidently  due  to  the  crossing  of  tbe 
river  by  a  synclinal  flexure  or  sag  of  tbe  strata  that  has  thrown  the 
comimratively  soft  strata  of ,  tbe  Laramie  and  Wasatch  groups  across 
tbe  course  of  the  valley,  and  out  of  these  tbe  park  has  been  excavated, 
while  the  harder  strata  of  the  Fox  Hills  and  lower  portion  of  tbe  Lar- 
amie Group  form  caiion- walls, or  high,  steep  valley-sides  above  and  below. 

Between  Caiion  Park  and  tbe  i)oint  where  tbe  river  makes  its  exit 
through  the  bluffs  into  Axial  Basin,  which  point  is  about  six  miles  east 
of  Yampa  Mountain,  the  valley  is  tortuous  and  very  narrow,  being,  in 
fact,  a  caiion  along  tbe  greater  part  of  tbe  distance.  Tbe  sides  of  the 
valley  in  this  part  of  its  course  are  so  steep  and  high  that,  except  at 
a  few  favorable  places,  acces<s  to  the  river  from  tbe  high  lands  by  a  mule- 
train  is  difficult  or  im|K>sRible.  This  portion  of  tbe  valley  is  excavated 
out  ot  the  strata  of  the  Fox  Hills  and  Laramie  groups,  those  of  the 
former  group  constituting,  in  great  part,  tbe  south  side,  s)nd  those  of 
the  latter  the  north  side  ot  tbe  valley. 

Westward  from  the  point  where  tbe  river  makes  its  exit  through  the 
blnfis  into  Axial  Basin,  it  pursues  a  meandering  course  tbrougb  tbe  ba- 
sin a  distance  that  in  a  straight  line  is  about  six  miles  to  Yampa  Moun- 
tain. Here,  instead  of  passing  into  the  western  portion  of  Axial  Basin 
through  the  companitively  low  space  at  the  north  side  of  Yampa  Moun- 
tain, it  cuts  through  the  northern  portion  of  that  mountain  by  a  deep 
caiion.  Alter  thus  cutting  tbrougli  tbe  mountain,  tbe  river  meanders 
through  the  broad  western  iK)rtion  of  Axial  Basin  some  15  or  18  miles 
to  Junction  Mountain,  through  which  it  cuts  its  way  t)y  a  still  deeper 
and  more  precipitous  canon  tban  the  one  by  which  it  passes  tbrou^h 
Yampa  Mountain.  These  two  mountains  are,  as  before  stated,  isolated 
npthrustsof  Paleozoic  rocks  through  surrounding  Cretaceous  strata  tbat 
lie  ex|K>sed  in  the  Axial  Basin,  and  are  located  directly  upon  tbe  line  of 
the  axis  of  the  Uinta  Mountain  cbain.  In  neither  case  is  there  any  su- 
perflcially  apparent  reason  why  tbe  river  should  not  have  run  around, 
instead  of  through  the  mounttiin,  for  tbe  surface  around  tbe  base  of 
each  of  them  has  only  a  comparatively  slight  elevation  above  tbe  sur- 
face of  the  river,  amounting,  indeed,  to  only  a  fraction  of  tbe  height  of 
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the  cnnoQ- walls.  Moreover,  the  sarronnding  rocks  are  among  the  soft- 
est  that  occar  in  the  region,  while  those  which  form  the  mass  of  the 
moantains,  and,  conseqeutly,  the  cafion-walls,  are  the  hardest ;  and  it  is 
not  probable  that  these  relative  conditions  have  materially  changed 
since  the  canons  were  cut. 

There  is  a  considerable  amoant  of  irrigable  land  in  the  immediate 
vicinity  of  the  river,  in  Axial  Basin,  both  above  and  below  Yampa 
Mountain;  but  a  very  large  part  of  the  surface  of  even  the  lower* por- 
tion of  the  basin  is  above  the  reach  of  irrigating-waters. 

Lily's  Park. — ^This  park  lies  between  Junction  Mountain  and  tfie  east- 
ern end  of  the  Uinta  Mountain  chain,  and  is  continuous  with  Axial  Ba- 
sin around  both  the  northern  and  southern  sides  of  Junction  Mount- 
ain. It  is  here  that  Snake  Kiver  has  its  confluence  with  the  Yampa, 
the  former  river  passini?  between  Junction  Mountain  and  the  east- 
ern end  of  the  Uinta  Uplift  proper.  After  passing  through  Lily's 
Park  a  distance  of  six  or  seven  miles,  and  receiving  the  influx  of  Snake 
River,  Yampa  River  cuts  through  a  line  of  hogbacks  composed  of  Tri- 
assic  strata,  and  then  almost  immediately  enters  Yampa  Cafion,  pres- 
ently to  be  described.  Lily's  Park  embraces  quite  a  large  area  of  land 
that  may  be  irrigated  from  both  the  Yampa  and  Snake  Rivers.  Al- 
though'small,  it  is  doubtless  the  finest  body  of  irrigable  land  within  the 
district. 

Yampa  Caiion, — If  it  were  not  for  the  existence  of  the  much  greater 
and  grander  caiions  of  the  Green  and  Colorado  Rivers,  Yampa  OaiioD 
would  be  worthy  of  renown  for  its  great  length  and  depth.  This  csiiioQ 
begins  at  tbe  eastern  end  of  the  Uinta  Uplift  and  ends  at  Echo  Park, 
where  the  Yampa  has  its  confluence  with  Oreen  River.  The  distance 
In  a  strai[!;ht  line  from  its  eastern  to  its  western  end  is  about  25  miles,  but 
its  tortuous  course  makes  its  actual  length  much  greater.  Its  general 
course  is  east  and  west  and  near  the  northern  boundary-line  of  this  dis- 
trict, but  it  passes  to  the  north  of  that  boundary-line  a  few  miles  be- 
fore it  reac^hes  Green  River.  Its  course  is  along  the  southern  side  of 
the  south  flexure  of  the  axial  portion  of  the  great  Uinta  Uplift,  and 
approximately  parallel  with  the  synclinal  flexure  between  tbe  Plateau 
and  Uinta  Uplifts  that  I  have  called  the  Yampa  Flexure.  Along  the 
greater  part  of  its  length  the  caiion-walls  are  nearly  or  quite  perpen- 
dicular, and  often  more  than  a  thousand  feet  in  height  above  the  sur- 
face of  the  river. 

As  one  stands  upon  the  north  side  of  Yampa  Plateau,  at  the  southern 
brink  of  Red  Rock  Basin,  the  bottom  of  which  is  about  2,000  feet  be- 
neath him,  looking  northward  over  and  beyond  tbe  basin,  upon  the 
broad  mountain  slope  that  forms  its  high  northern  side,  he  gets  only 
occasional  glimpses  of  the  position  of  tbe  caiion  as  it  meanders  through 
that  great  rug^ged  surface.  So  sharply  perpendicular  are  the  walls  of 
the  caiion  on  either  side  that  the  observer  from  the  point  mentioned  not 
only  sees  it  imperfectly,  even  when  it  is  at  all  visit>le,  but  even  when  he  has 
clambered  over  the  rugged  cliff's  that  rise  around  the  caiion,  he  hardly 
realizes  its  presence  in  tbe  neigbborbood  until  he  comes  ui)on  its  verge 
and  finds  himself  at  a  dizzy  height  above  tbe  rushing,  roaring  river  at 
its  bottom — so  high  that  tbe  river  looks  like  a  brooklet,  and  its  roaring 
is  changed  to  a  faint  nuirmer  before  it  reaches  tbe  ear.  These  are 
among  tbe  grander  and  more  impressive  scenes  which  this  region 
aftords,  and  once  witnessed  will  never  be  forgotten. 

Williams  Fork. — This  stream,  although  a  small  one,  is  the  principal 
tributary  of  tbe  Yampa  within  this  district.  It  rises  among  tbe  ravines 
of  tbe  western  side  of  White  River  Plateau  and  flows  across  the  north- 
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eAi  comer  of  the  district.  AloDg  this  portion  of  its  coarse  it  rans  io  a 
very  narrow  valley  bordered  by  hills,  the  most  of  which  are  composed 
of  strata  of  the  Fox  Hills  Groap.  From  the  eastern  border  of  the  dis- 
trict to  the  conflaence  of  a  small  branch  chat  flows  from  near  the  eastern 
end  of  Axial  I^isin,  its  coarse  is  nearly  parallel  with  and  upon  the 
north  side  of  an  anticlinal  axis  which  produces  upon  its  southern  side  a 
short,  irregular  line  of  hogbacks.  From  the  confluence  of  the  branch 
jast  mentioned  to  its  own  conflaence  with  the  Yampa,  the  course  of 
Williams  Fork  is  northward  and  through  a  deep  narrow  valley  or 
canon.  This  T)ortion  of  its  valley  has  been  carved  out  of  the  strata  of 
the  Fox  Hills  Group,  the  river  running  almost  directly  upon  the  axis 
of  a  comparatively  short  anticlinal  spur  that  extends  noithward  from 
the  place  of  blending  of  the  Uinta  and  Park  Range  flexures. 

MiUc  Creeh. — ^This  creek  rises  by  several  branches,  some  of  them  drain- 
ing the  northern  side  of  Danforth  Hills,  but  the  main  one  rises  near 
the  eastern  border  of  the  district.  It  is  insignificant  in  size,  but  it  de- 
rives importance  in  this  dry  region  from  the  fact  that  it  contains  per- 
ennial water.  It  is  also  worthy  of  especial  notice  because,  although  so 
small  a  stream,  it  afibrds  a  good  example  of  antecedent  drainage.  The 
principal  branch  just  referred  to  flows  northwestwardly  through  the 
eastern  end  of  the  eastern  portion  of  Axial  Basin,  but  instead  of  pur- 
suing its  course  westwardly  down  the  basin  to  join  the  Yumpa  where 
that  river  enters  it,  the  creek  cuts  through  the  bluff's  that  form  the 
northern  side  of  the  basin  and  flows  through  a  caiion  carved  out  of  the 
sandstones  of  the  Fox  Hills  Group  and  joins  the  Yampa  where  that 
river  in  itself  running  in  a  similar  cauon. 

Green  Eiveb  Valley. — Green  Kiver  being  the  largest  of  those 
streams  that  unite  to  make  up  the  great  Colorado  Eiver  of  the  West, 
is,  properly  speaking,  the  upper  portion  of  that  great  river  itself,  and 
ought  not  to  have  received  a  separate  name  ;  but  having  received  it, 
custom  renders  a  change  impracticable.  It  is  into  Green  Eiver  that 
the  whole  drainage  of  this  district  passes,  either  directly  or  indirectly; 
but  the  river  itself  traverses  only  the  northwestern  corner  of  the  dis- 
trict, entering  it  at  Island  Park  and  leaving  it  about  midway  of  the 
western  boundary.  Tbis  portion  of  the  river's  course  is  quite  tortuous, 
and  It  passes  through  one  remarkable  caiion,  that  of  Split  Mountain ;  but 
below  this  it  parses  through  a  broad  open  valley. 

Jitland  Park  lies  in  the  sag  or  dipping  synclinal  between  Split  Moun- 
tain and  the  main  fold  of  the  Uinta  Uplift,  and  is  thus  bounded  by  high 
mountains  on  all  except  the  western  side.  The  park  m«iy  be  said  to 
contain  about  ten  square  miles,  but  the  amount  of  irrigable  land  within 
its  limits  is  very  much  less ;  still,  there  is  sufficient  for  the  purposes  of 
a  small  farming  neighborhood,  whenever  it  may  be  desired  by  settlers. 
The  river  hcie  divides  into  several  channels,  and,  quickly  uniting,  sev- 
eral small  islands  are  formed,  from  which  the  park  has  received  its 
name,  and  which  add  a  feature  of  beauty  to  that  small,  secluded  dis- 
trict. 

Split  Moimfain  Caiion. — As  Green  Eiver  makes  its  exit  from  one  of 
its  great  caiions  through  the  Uinta  Mountains  immediately  upon  enter- 
ing Island  Park,  so  it  enters  another  great  canon,  that  of  Split  Moun- 
tain, immediately  upon  leaving  the  park.  Split  Mountain,  as  has  already 
been  shown,  is  a  large  mountain  spur  from  the  western  end  of  Yampa 
Plateau,  and  it  has  received  this  name  because  it  is  cleft  entirely 
through,  and  from  top  to  base,  by  the  caiion.  The  walls  of  the  caiion 
are  everywhere  precipitous  and  in  large  part  perpendicular,  and  are 
composed  of  Carboniferous  limestones  and  sandstones.    Its  length  is 
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upward  of  six  miles,  and  the  muximQm  height  of  its  walls  is  neafl^ 
3,000  feet.  The  view  from  the  top  of  Split  MountaiD,  npon  the  westerQ 
verge  of  the  cafioD,  is  impressive  in  the  extreme.  The  roshing  river, 
more  than  half  a  mile  beneath  the  observer's  feet,  appears  like  a  bab 
bling  brook ;  and,  although  securely  poised,  many  minuses  elapse  before 
he  can  command  his  nerves  to  sufficient  composure  for  a  calm  survey  of 
the  terrible  chasm.  Immediately  to  the  north  of  this  point  of  obser- 
vatiou  lies  the  main  range  of  Uinta  Mountains,  and  to  the  east  the 
broad  Tampa  Plateau.  A  broad  expanse  of  lower  lands  stretches  out 
to  the  southward  and  westward,  upon  the  surface  of  which  the  struct- 
ural geology  of  the  region  is  shown  with  all  the  distinctness  of  a  well- 
drawn  geological  map,  so  slightly  are  the  strata  of  the  formations  ob- 
scured by  vegetation,  soil,  or  debris^  and  so  vivid  are  the  various  colors 
of  the  rocks  which  compose  them. 

WoNSixi  Valley.— The  broad  portion  of  the  valley  of  Green  Eiver, 
which  lies  adjacent  to  tbis  district,  has  been  called  Wonsitz  Valley  by 
Professor  Powell.  Although,  when  viesi^ed  from  the  adjacent  moun- 
tains,  its  surface  appears  to  be  only  slightly  elevated  above  the  river,  it 
is  nevertheless  true  that  comparatively  little  of  its  surface  is  within 
reach  of  irrigating-waters.  The  greater  part  of  the  surface  that  is  thus 
irrigable  lies  upon  the  west  side  of  the  river  and  beyond  the  limits  of 
this  district;  but  still  manj^  valuable  farms  might  be  e  tablished  within 
its  limits  and  irrigated  from  Green  Kiver.  « 
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CHAPTER    III. 


CLASSIFICATION,  DESCRIPTION,  AND  DISCUSSION  OF  THE 

GROUPS  OF  STRATA. 

The  formations  of  this  district  present  essentially  an  anbroken  series 
from  the  Weber  Qnartzite,  which  lies  immediately  beneath  the  Carbon- 
iferoas  series,  but  is  itself  probably  of  older  Paleozoic  age,  to  the  Uinta 
Oroap,  which  is  the  latest  of  the  fresh-water  Tertiary  deposits  of  that 
religion,  inclnsive. 

The  accom|)anying  illustration.  Fig.  — ,  is  intended  to  represent  in 
their  order  a  general  section  of  these  groups  of  strata,  as  they  are  de- 
veloped or  exposed  in  this  district,  to  which  area  alone  the  thickness 
assigned  to  each  is  intended  to  apply.  Following  this  illustration  is  a 
brief  description  of  each  of  the  groups  represented  by  it,  which  is  in- 
tended for  more  immediate  reference  in  connection  with  the  figure ;  but 
more  detailed  descriptions  of  the  groups  will  appear  where  they  are 
discussed  on  following  pages. 

Explanation  of  thk  skction.    Fig,  1. 

No.  1.  Uinta  Group. — Fine  aod  coarse-grained  friable  BaDdstones,  with  iDtermized 
gravel  in  some  places,  forming  a  conglomerate  ;  disf  inctly  or  obscurely  stratitied ;  t  be 
materials  composing  tbe  strata  in  some  places  nearly  or  quite  incoherent.  General 
aspect  gray  or  dull  brownish  red.  Unconformable  by  sequence  upon  the  other  Tertiary, 
and  several  of  tbe  older  groups  in  the  district.    Thickness  about  1^200  feet. 

No.  2.  Bridger  Group. — Variegated ;  reddish,  grayish,  greenish,  and  purple  bad-laud 
sandiitones.    Thickness  exposed  in  this  district  only  about  100  feet. 

No.  3.  Grttn  Birer  Grovp. — Upper  division  consisting  of  irregularly -bedded  sand- 
stones, often  concretionary,  with  occasional  laminated  carbonaceous  layers.  Lower 
division  consisting  of  laminated  sandy  shales  or  thin-bedded  sandstones.  Sometimes 
finely  laminated  shales  which  Dre  more  or  less  calcareous,  and  oocnHional  dark  carbona- 
ceous layers  are  interspersed.    Maximum  thickness  of  both  divisions  about  1,400  feet. 

No.  4.  JFasatch  Grovp. — Alternating  (oft  and  harder  sandstones  at  top  i  nd  base,  be- 
tween which  tbe  greater  part  of  the  group  is  made  up  of  soft  variegated  bad-land  sand- 
stones. These  bad-land  sandstones  are  generally  somewhat  softer  in  the  eastern  than 
in  the  western  part  of  the  district.    Thickness  a*  out  2,000  feet. 

No.  5.  Laramie  Group. — Sandstones  ;  thinly  bedded,  or  in  some  places  more  heavily 
bedded,  and  forming  hogbacks  at  many  of  the  flexures  of  that  formation  in  tbe  district. 
Color  sometimes  reddish-ferruginous,  and  sometimes  of  the  usual  dirty  yellowish  or 
grayish  hue ;  variegated  in  places  by  carbonaceous  layers,  and  beds  of  coal.  Toick- 
ness  about  3,500  feet,  but  in  some  phM^es  probably  less. 

No.  6.  Fox  HilU  Grovp. — Sandstones,  lieavily  or  thinly  bedded;  or  sandy  shales. 
Often  weathering  so  soft  at  the  base  of  the  group  os  to  obscure  any  line  of  demarca- 
tion between  it  and  the  next  l>eneath.    Thickness  about  1,800  feet. 

No.  7.  Colorado  Group. — Dark -colored  shales,  clayey  or  sometimes  quite  sandy  ;  with 
occasional  thin  layers  of  sandstone.  Thickness  about  2,000  feet  in  the  eastern  part  of 
the  district  and  much  less  in  the  western  part. 

No.  8.  Dakota  Group. — Yellowish  or  brownish  rough  sandstones  above ;  irregularly 
bedded  pebble  conglomerate  below ;  and  between  these  there  is  usually  a  greater  or 
less  thickness  of  variegated  sandstone.    Thickness  r.bont  500  feet. 

No.  9.  Jurasnio. — Variegated,  soft,  bad-land  sandstones  with  some  strata  of  m're  in- 
durated sandstone,  and  usually  from  10  to  15  feet  in  thickness  of  shaly,  sandy,  and 
calcareous,  fossiliferons  rock  near  its  base.    Thickness  about  600  feet. 

No.  10.  Tria98icf —  Yellowish,  obliquely-laminated  firm  sandstones  above ;  yellowish, 
aott  sandstones  below,  and  between  them  a  series  of  bright  red  or  brownish  red,  more  or 
kMfirm  sandstones.    Thickness  about  2,000  feet. 

No.  11.  Upper  Carboniferous. — I.  regularly  bedded,  light-yellow isb  sandstones  with 
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occasional  oalcareons  layers,  the  saDcUtoDe  layers  often  oontaiuing  masses  and  nodoles 
of  chert.    Thickness  ahoat  600  feet. 

No.  12.  Middle  Carboniferous, — Compact,  hluish  fossiliferons  limestone,  heavily  or 
thinly  bedded,  alternating  in  some  places  with  strata  that  ore  sandy  and  ferruginous. 
Thickness  about  1,000  feet. 

No.  13.  Lower  Carbon\feroua, — ^Massive  layers  of  limestone  alternating  with  those  of 
sandstone  and  sandy  limestone ;  all  more  or  less  ferruginous,  generally  presenting  a 
reddish-brown  aspect ;  and  all  usually  regularly  bedded.    Thickness  about  1,500  feet. 

No.  14.  Uinta  sandstone, — ^Massive  or  thinly  bedded,  brick-red  or  more  usually  brown- 
ish-red sandstones ;  usually  hard  and  often  quartzitio.  Tbickuoss,  exposed  in  this 
district,  only  about  400  feet ;  but  the  group  reaches  a  thickness  of  nearly  or  quite  15,000 
feet  in  the  Uinta  Mountains  only  a  few  miles  from  this  district. 

The  districts  sarroouding  the  one  here  reported  npon  have,  within  the 
last  few  years,  been  geologically  surveyed  by  different  persons.  That 
which  adjoins  it  on  the  west  has  been  reported  upon  by  Professor  Powell 
in  his  '^  Geology  of  the  Uinta  Mountains."  A  geological  map  of  the  dis- 
trict which  adjoins  this  one  upon  the  north  has  b^n  prepared  by  Mr. 
Clarence  King  during  the  progress  of  the  United  States  Geological  Sur- 
vey of  the  Fortieth  Parallel.  Reports,  to  be  published  simultaneously 
with  this,  are  in  course  of  preparation  by  the  other  geologists  of  the 
United  States  Geological  Survey  of  the  Territories,  on  the  other  districts 
which  adjoin  this  one.  A  few  copies  of  Mr.  King^s  map  have  been  dis- 
tributed to  different  persons  and  institutions  in  a<lvance  of  a  geological 
report  which  is  no  doubt  intended  to  accompany  it.  An  examination  of 
this  map  shows  that  the  author  has,  in  the  main,  adopted  the  classifica- 
tion of  the  strata  which  he  finds  ex[)08ed  in  that  district,  which  has  long 
been  in  use  by  Dr.  Haydeu  in  his  reports ;  but  with  certain  modifica- 
tions in  some  cases.  As  no  text  yet  accompanies  Mr.  King's  map,  I  am, 
in  some  cases,  in  doubt  as  to  the  intended  limits  of  the  respective  gioups 
of  strata  that  are  there  named  and  represented  by  colors.  Having,  how- 
ever, made  some  personal  examination  of  a  large  part  of  the  region  rep- 
resented by  that  map,  I  think  I  do  not  incorrectly  represent  its  intent 
in  the  following  table  of  general  sections.  A  large  proportion  of  the 
names  of  the  different  groups  of  strata  which  are  used  in  this  report  are, 
by  the  custom  of  priority  in  such  cases,  adopted  from  Mr.  King's  map, 
which  is  regarded  as  having  been  published  in  November,  1875.  Mr. 
King's  name,  '^  Laramie  Group,"  although  it  is  understood  to  embrace 
strata  that  have  previously  received  other  names  in  different  parts  of 
the  great  Rocky  Mountain  region,  is  retained  because  of  its  more  com- 
prehensive application  as  indicating  a  great  period  in  geological  history, 
which  is  epochally  represented  by  the  Fort  Union,  Judith  River,  Lig- 
uitic,  and  other  series  of  beds. 

Dr.  Hayden's  name,  "Wasatch  Group,"  has,  however,  priority  of  pub- 
lication over  Mr.  King's  name,  "Vermilion  Creek  Group,"  and  also  over 
Professor  Powell's  name,  "Bitter  Creek  Group,"  and  I  therefore  adopt 
the  first-mentioned  name.  I  adopt  the  name  "Weber  Quartzite"  of  Mr. 
King  for  thegreat  formation  that  Professor  Powell  has  called  the  "  Uinta 
Sandstone,"  but  not  being  in  possession  of  Mr.  King's  facts,  I  am  not  yet 
prepared  to  adopt  his  reference  of  it  to  the  Carboniferous  age.  Al- 
though the  typical  locality  of  the  Lodore  Group,  which  Professor  Powell 
represents  as  existing  at  the  base  of  the  Carboniferous  series  and  above 
the  Uinta  Quartzite,  is  near  the  northern  border  of  the  district  here  re- 
ported on,  it  does  not  occur  within  its  limits.  Professor  Powell's  sec- 
tion alone,  therefore,  represents  it  in  the  table. 

Although  Mr.  King  has  not  upon  his  map  recognized  the  dei)Osit  called 
"  Brown's  Park  Group"  by  Professor  Powell  as  separate  from  the  Green 
River  Group,  north  of  an  east  and  west  line  that  may  be  made  to  pass 
through  the  southern  base  of  the  great  Uinta  fold,  a  careful  comparison 
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of  tho8e  depoRits  on  both  sides  of  the  Uinta  Mountains  has  left  no  doobt 
on  my  mind  of  their  identity.  I  therefore^adopt  Mr.  Kind's  name  '^  Uinta 
Gronp,'*  instead  of  Professor  Powell's  name  *'  Brown's  Park  Group." 

While  adopting  the  name  ^^  Colorado  Group"  of  Mr.  King,  I,  for  pnle- 
ontological  reasons  chiefly,  so  restrict  its  application  as  to  include  only 
what  I  understand  to  be  equivalent  with  Kos.  2  and  3  of  Meek  and  Qay- 
den's  original  section,  leaving  the  equivalent  of  No.  4  to  be  included 
with  the  strata  of  the  Fox  Hills  Group,  instead  of  with  the  Colorado 
Group,  as  Mr.  King  has  done. 

The  following  table  of  general  sections,  as  may  be  seen  at  a  glance, 
is  .designed  to  show  the  correlation  of  the  different  groups  named  by  the 
several  authors,  as  I  understand  them.  The  first  column  represents  the 
Bection  that  was  many  years  ago  prepared  by  Messrs.  Meek  an<l  Ilayden 
for  the  Mesozoic  rocks  of  the  Upper  Missouri  River  region ;  the  second 
embraces  the  names  of  the  Tertiary  and  Post- Cretaceous  Groups  of 
Wyoming,  Colorado,  and  Utah  that  have,  from  time  to  time,  been  proposed 
by  Dr.  Hayden ;  the  third  has  been  compiled  from  Mr.  King's  map  of 
the  Green  Biver  Basin,  that  has  already  been  referred  to ;  the  fourth 
is  the  classification  proposed  by  Professor  Powell  in  his  Report  on  the 
Geology  of  the  Uinta  Mountains ;  and  the  fifth  is  the  classification  of  the 
locks  of  this  district  which  I  have  adopted  in  this  report. 
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Table  of  correlated  general 

teetuMM.* 
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Laramie. 

Tjuramie. 

t 
Pott 

Point  of  Books. 

0 

£ 

Fox  Hills. 
No.  5. 

Fox  Hills. 

Salt  Wiaia. 
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r 

Triossio. 
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• 
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1 

1 

1 
1 

Uinta  scndtftone 
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"The  right-hand  narrow  col  imn  is  intended  to  indicate  the  higher  groups  of  my  owu 
clnssiticntion.  while  the  corresponding  left-hand  one  represents  that  of  the  other  aa- 
thors  as  I  understand  them. 

t  See  discussijon  of  the  name  **  Post-Cretaceoas,''  on  a  sabseqnent  page. 
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The  colamDS  of  this  table  are  arranged  in  the  order  of  time  of  their 
pnblicatiou,  beginning  at  the  left  The  horizontal  arrangement  of  the 
spaces  within  which  the  names  of  the  groups  of  strata  are  placed  is  in- 
tended to  represent  their  correlation ;  while  the  spaces  themselves  rep- 
resent simply  approximate  coordination,  the  relative  breadth  of  each 
space  having  no  reference  to  the  relative  thickness  of  each  group. 

THE  SILURIAN  SYSTEM. 

No  other  strata  than  those  of  the  Weber  Quartzite  in  this  district  are 
referred  to  Silurian  age ;  and,  as  has  already  been  shown,  this  great 
formation  has  been  only  provisionally  so  referred. 

THE  WEBEB  QTJABTZITE. 

This  formation  is  usually  of  a  dull  brick-red  or  reddish-brown  color, 
and  has  a  peculiar  sombre  aspect,  especiaHy  as  seen  in  the  deep  canons 
that  have  been  eroded  through  it  in  the  Uinta  Mountain  region.  The 
stratification  is  always  distinct,  the  strata  more  or  less  regularly  bedded ; 
sometimes  massive,  sometimes  in  thin  layers,  and  occasionally  in  the 
coudition  of  sandy  shales.  Sometimes  it  is  in  the  condition  of  a  com- 
mon, but  firm,  sandstone,  the  grains  being  distinctly  definable ;  but 
oftener  the  grains  are  so  compacted  by  partial  metamorphism  as  to  give 
the  rock  the  character  of  a  true  quartzite.  In  its  common  sandstone 
condition  it  is  almost  always  harder  than  the  sandstones  of  the  Carbon- 
iferous and  Mesozoic  groups  of  that  region  usually  are.  So  far  as  I 
am  aware,  no  fossils  of  any  kind  have  ever  been  discovered  in  any  part 
of  this  great  formation ;  and  its  true  geological  age  is  therefore  uu- 
known. 

Upon  his  map,  before  referred  to,  Mr.  King  assigns  this  group  to  the 
Carboniferous  system. 

Dr.  Uayden,  several  years  ago,  suggested  the  Silurian  age  of  this 
great  group,  as  did  also  Professor  Marsh,  who  visited  the  region  nfter- 
wanl.    With  this  judgment,  I  am  disposed  to  agree ;  but  as  before  in- 
timated, its  geological  age  cannot  be  deduitely  known  without  the  aid 
of  fossils,    i'rofessor  Powell  has  suggested  the  Devonian  age  of  the 
Weber  Quartzite,  in  connection  with  bis  statement  of  the  unconform- 
ity of  the  true  Carboniferous  strata  n[)on  it.    With  this  statement  as 
to  its  unconformity  with  the  Carboniferous,  I  also  agree;  but  accord- 
ing to  my  own  observation  the  uncooformity  is  usually  so  slight  that 
it  may  easily  be  overlooked.    Furthermore,  at  all  observed  places  in  this 
district,  as  well  as  within  a  large  area  outside  of  it,  the  strata  of  the 
Lower  Carboniferous  rest  directly  upon  the  Uinta  sandstone,  those  of 
the  Lodore  Group  being  absent.    The  Lower  Carboniferous  strata  are 
often  so  very  like  those  of  the  Weber  Quartzite  in  general  aspect  that 
a  casual  observer  would  be  in  danger  of  confounding  one  with  the  other, 
especially  if  the  unconformity  should  be,  as  it  generally  is,  slight  or 
ol^ure. 

There  are  two  or  three  localities,  just  where  some  deep  dry-drainage 
canons  open  into  Bed  Bock  Basin  at  the  north  side  of  Yampa  Plateau 
by  cutting  across  the  Yampa  Flexure  there,  where  some  of  the  upper 
strata  of  the  Weber  Quartzite  are  probably  exposed ;  but  for  reasons 
already  stated  I  am  not  entirely  satisfied  on  this  point,  and  therefore 
refer  those  strata  to  the  Lower  Carboniferous. 

Strata  of  this  group  are  well  exposed  in  the  walls  of  the  canon  by 
J^hich  the  Yampa  passes  through  Junction  Mountain,  and  they  are  also 
wgely  exi)08ed  in  the  southern  half  of  Yampa  Mountain,  which  lies 
^me  fifteen  miles  to  the  eastward  of  Junction  Mountain. 
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CARBONIFEROUS  SYSTEM. 

The  peculiar  characteristics  of  those  ^oops  of  strata  which  are  abnn- 
dautly  developed  in  the  great  Rocky  Moantain  region,  and  which  have 
been,  by  all  geologists  who  have  examined  them,  referred  to  the  Gar- 
boniferons  age,  leave  no  doubt  as  to  the  correctness  of  that  reference. 
It  is,  however,  true  that  the  three  great  divisions  of  the  system,  the 
Subcarboniferous,  Carboniferous  or  Goal-Measures,  and  Permian,  which 
are  recognized  in  Europe  and  also,  in  part  at  least,  in  the  interior  region 
of  North  America,  are  not  recognizable  as  such  in  the  western  portion 
of  the  continent,  with  the  possible  exception  of  the  Subcarboniferoua 
division,  as  distinct  from  the  remainder.  There  seems  indeed  to  be  no 
good  reason  why  we  should  expect  to  find  this  to  be  the  case,  because 
the  marking-olf  of  a  system  of  rocks  into  groups  and  formations,  as  well 
as  the  modiOcations  of  the  then  existing  forms  of  life,  the  remains  of 
which  are  now  found  to  characterize  those  formations,  was  due  to  the 
then  prevailing  physical  conditions,  and  their  periodical  changes,  the 
former  of  which  we  have  no  reason  to  suppose  could  have  been  universal 
nor  the  latter  simultaneous  in  different  parts  of  the  world.  The  coal- 
making  condition,  which  was  remarkably  characteristic  of  the  Carbon- 
iferous  age  in  Europe  and  Eastern  North  America,  seems  not  to  have 
existed  at  all,  or  only  in  an  exceedingly  slight  degree,  in  what  is  now  the 
great  Rocky  Mountain  region,  during  any  part  of  this  great  geological 
age.  During  the  whole  of  that  age,  the  deposits  there  seem  to  have 
been  wholly  marine,  and  to  have  been  largely  formed  in  comparatively 
shallow  waters. 

The  Carboniferous  strata  of  that  western  region  are,  it  is  true,  marked 
off  into  groups,  but  they  are  not  marked  off  in  the  same  manner  that 
they  are  in  Europe  and  Eastern  North  America;  and  there  ought  to  be 
no  strained  effort  made  to  require  those  of  the  latter  regions  to  corre- 
spond with 'those  of  the  former,  for  they  are  not  separated  from  each 
other  by  similar  faunal  and  floral  differences.  There  seems  to  be  very 
little  reason  to  doubt  that  the  whole  of  the  Carboniferous  age  is  repre- 
sented by  the  deposits  referred  to  in  Western  North  America,  although 
the  types  of  fossils  they  contain  are  seldom  if  ever  of  such  a  character 
as  to  warrant  their  distinctive  reference  to  either  the  Subcarbon iferous, 
Carboniferous,  or  Permian  periods  of  the  age.  On  the  contrary,  the 
types  th'jki  are  relied  upon  in  Europe,  and  also  others  that  are  similarly 
relied  upon  in  the  eastern  portion  of  North  America,  to  prove  the  Sub- 
carboniferous  age  of  the  strata  conUiining  them,  are  here  found  intimately 
associated  with  an  abundance  of  those  forms  that  are  equally  charac- 
teristic of  the  Carboniferous  or  Coal  Measure  period,  and  even  with 
t^ome  of  Permian  type.  Furthermore,  the  uppermost  division  of  the 
Carboniferous  strata  in  this  far  western  region,  which  probably  repre- 
sents in  time  the  Permian  Group  of  Europe,  has  not,  to  my  knowl- 
edge, been  found  to  contain  a  single  faunal  type  that  is  in  any  proper 
sense  characteristic  of  the  Permian  period  as  distinct  from  the  Middle 
or  Coal  Measure  period.  Therefore,  in  this  report  at  least,  I  shall  make 
no  attempt  to  refer  any  of  the  Carboniferous  strata  of  this  great  region 
to  either  of  the  three  divisions  originally  established  for  the  system  ; 
but  I  shall  regard  all  the  groups  that  have  been  named  in  the  foregoing 
sections  and  elsewhere  in  this  report  as  purely  stratigraphical  divisions, 
and  probably  inseparable  from  each  other  on  paleontological  grounds. 
This  statement  will  explain  why  so  little  reference  is  had  to  paleonto- 
logical characteristics  in  the  following  account  of  the  Carboniferous 
groups.   It  is  proper  to  mention,  however,  that  from  somewhat  restricted 
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exposares  of  strata  at  a  very  few  points  in  Nevada,  Colorado,  and 
Idaho,  collections  of  fossils  have  been  made  that  are  not  only  specifically 
different  from  those  which  are  so  widely  distributed  in  the  Carbon- 
iferons  rocks  of  that  great  region,  but  they  aie  in  part  specifically 
identical  with  some  that  are  found  only  in  the  Snbcarboniferons  strata 
of  the  States  of  the  Mississippi  Valley.  The  first  of  the  following 
frroups  mentioned,  however,  is  not  to  be  here  regarded  as  distinctively 
8nbciEirboniferous,  although  it  may  be  so  in  fact,  so  far  as  anything  is 
kuowQ  to  the  contrary. 

THE  LOWER  CARBONIFEROUS  GROUP. 

In  some  parts  of  the  great  Bocky  Mountain  region  other  observers  have 
made  out  satisfactory  lithological  distinctions  between  the  Lower  and 
Middle  Carboniferous  Groups;  but  within  the  limits  of  this  district  the 
line  of  demarcation  is  so  indefinite  that  I  was  not  able  to  do  more  than 
make  out  a  general  separation  of  theHwo  groups.  I  nowhere  found  any 
well-marked  line  of  separation,  and  there  being,  as  before  stated,  no 
sufficient  paleontologieal  distinction  between  the  two  groups,  very  few 
characteristics  can  l^  named  as  separating  them  from  each  other. 

The  Lower  Carboniferous  Group  in  this  district  consists  of  a  large  pro- 
portion of  compact  limestone  strata  that  are  usually  more  or  less  fossil- 
iferoQS,  alternating  with  la3'ers  of  sandstone  that  are  also  usually  some- 
what calcareous.  In  general  aspect  this  formation  is  of  an  indefinite 
reddish-brown  or  ferruginous  color,  often  like  that  of  the  Weber  Quartz- 
ite.  The  strata  of  this  group  are  well  exposed  along  the  northern 
border  of  the  eastern  half  of  the  Tampa  Plateau,  and  also  in  Junction 
Mountain,  of  which  mountain  it  forms  a  large  proportion.  It  is  there 
seen  resting  upon  the  Weber  Quartzite,  and  in  turn  underlying  the  Mid- 
dle Carboniferous.  In  Yampa  Mountain,  which  is  largely  composed  of 
the  Weber  Quartzite,  the  Lower  Carboniferous  is  not  satisfactorily  sep- 
arable from  the  middle  group. 

THE  MIDDLE  CARBONIFEROUS  GROUP. 

In  this  district,  as  before  stated,  the  Middle  Carboniferous  Group  is 
separable  from  the  Lower  only  in  aspect,  and  by  some  general  lithological 
characteristics.    Tbe  greater  proportion  of  the  bluish-gray  limestones 
which  it  contains  gives  it  a  lighter  aspect  than  that  of  the  Lower,  and 
distinguishes  it  also  from  the  sandy  strata  of  the  overlying  Upper  (3ar- 
Ixmiferous  Group.    It  is  more  fossiliferous  than  either  of  the  other  two 
divisions  of  tbe  Carboniferous  system  in  this  district;  but  in  consequence 
of  the  compact  and  cherty  character  of  the  rock,  the  fossils  are  seldom 
well  preserved.    The  limestones  of  this  group,  besides  being  cherty,  are 
often  unevenly  bedded.    As  a  rule,  they  lack  those  marly  and  carbona- 
ceous or  clayey  layers  of  shale  that  so  commonly  separate  the  lime- 
stone layers  of  the  equivalent  of  this  group  in  the  Mississippi  Valley 
The  Middle  Carboniferous  Group  contains  much  the  greater  part  of  the 
region,  and  from  u  hich  softer  layers  most  of  the  fossils  are  there  obtained, 
calcareous  strata  found  in  this  district,  the  prevailing  material  being 
almost  everywhere  sandstone  and  sandy  shales. 

THE  UPPER  CARBONIFEROUS  GROUP. 

TheUpperCarboniferousGroupis  quite  clearly  distinguishable  from  the 
Wer.  In  this  district  it  is  almost  wholly  composed  of  a  light,  yellowish- 
^ay  sandstone,  often  cherty,  and  containing  only  a  few  calcareous  layers. 
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Usnnlly,  the  sandstone  is  irregalarly  bedded,  sometimes  massive,  and 
oblique  stratification  is  quite  common.  Fossils  are  rare  in  this  group, 
but  a  few  have  been  found  in  its  upper  strata,  and  those  yet  known  are 
not  such  as  to  distinguish  it  clearly  from  the  other  two  Carboniferous 
groups.  It  is  this  group  that  Mr.  King  has  designated  as  Permo-Oar- 
bonit'erous  on  his  map.  According  to  my  observations,  it  is  only  its 
superior  position  in  relation  to  the  other  groups  that  would  suggest  such 
a  designation,  because  the  Carboniferous  groups  below  it  contain  fossils 
that  are  as  closely  allied  with  the  Permian  of  Europe  as  any  that  have 
yet  been  discovered  in  the  strata  of  this  upper  one. 

The  strata  of  this  group  are  exposed  at  the  surface  of  much  the 
greater  part  of  the  area  that  is  occupied  by  those  of  Carboniferous  age 
in  this  district.  They  cover  nearly  the  whole  surface  of  the  western  half 
of  Yampa  Plateau,  and  nearly  all  the  rugged  surface  through  which 
Yampa  Canon  is  cut,  along  the  southeast  Sank  of  the  Uinta  Uplift,  be- 
siiies  a  narrow  area  along  the  whole  length  of  the  Fox  Creek  Flexure. 
Narrow  bands  of  its  upturned  strata  are  also  exposed  around  the  bases 
of  Junction  and  Yampa  Mountains.  It  will  thus  be  seen  that  all  the 
Carboniferous  strata  of  this  district  have  been  brought  to  view  only  by 
the  Plateau  and  Uinta  Uplifts,  and  by  the  two  sharp  Upthrusts  of  Junc- 
tion and  Yampa  Mountains.  The  remarkable  peculiarities  of  these 
uplifts  and  upthrusts  will  be  explained  in  a  subsequent  chapter. 

THE  MESOZOIC  AGE. 

Strata  of  Mesozoic  age  cover  a  large  part  of  the  surface  of  this  dis- 
trict, and  apparently  form  an  unbroken  series,  from  the  base  of  those 
strata  that  have  usually  been  referred  to  the  Triassic  period,  to  the  up- 
permost Cretaceous  strata,  inclusive.  The  strata  that  I  have,  but  with 
some  doubt,  referred  to  the  Triassic  period,  are  everywhere  in  this  dis- 
trict and  the  surrounding  region  conformable  upon  those  of  undoubted 
Carboniferous  age.  Therefore  there  appears  to  be  no  important  physi- 
cal break  in  the  series,  as  found  in  this  district,  from  the  base  of  the 
Carboniferous  to  the  top  of  the  Cretaceous,*  notwithstanding  the  fact 
that  the  Lower  Cretaceous  of  Europe  seems  not  to  be  represented  in 
this,  if  in  any,  part  of  North  America.  Comparatively  few  fossils  were 
collected  from  any  of  the  Mesozoic  strata  of  this  district  during  its 
geological  examination,  but  the  facility  for  observation,  as  before  ex- 
plained, makes  their  identification  unquestionable,  even  if  no  fossils  at 
all  were  obtained  from  them. 

TRIASSIC  PERIOD. 

The  strata,  widely  distributed  over  a  large  part  of  the  western  portion 
of  North  America,  that  have  until  lately  been  referred  with  little  or  no 
•doubt  to  the  Triassic  period,  have  generally  been  simply  so  referred  with- 
out a  distinctive  name  as  to  groups  or  formations,  but  some  geologists 
have  subdivided  the  series  and  given  distinctive  names  to  thedivisions 
thus  formed.  They  have  been  called  by  some  simply  the  Bed-Beds; 
but  Professor  Powell  recognized  three  separate  divisions  of  the  group 
under  the  names,  in  the  ascending  order,  of  **  Shinarump,^  "  Vermilion 
ClitlV'  and  ''  White  Cliff"  groups.  These  three  divisions  are  recognized 
amonff  those  strata  in  this  district,  but  they  are  not  thought  to  be  there 
of  sufficient  importance  to  be  regarded  as  separate  groups,  coordinate 

*  See  also  remarks  coucern'mg  apparent  unbroken  continuity  of  deposition  of  Meso- 
zoic and  Cenozoic  strata  on  a  subsqueut  x>!^ge« 
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with  tbe  other  groaps  that  are  treated  of  io  this  report.  Until  lately, 
also,  these  strata  have  been  generally  regarded  as  nnfossiliferous,  with 
the  exception  of  the  existence  here  and  there  of  considerable  quantities 
of  silioified  exogenoas  wood }  and  they  were  referred  to  tbe  Triassic 
period  mainly  in  consequence  of  their  position  between  the  recognized 
Carboniferous  and  Jurassic  strata.  Serious  doubts  of  the  real  Triassic 
age  of  the  stnita  in  question  have  lately  been  raised  because  of  the  dis- 
covery of  fossils  in  the  lower  portion  of  the  group  that  seem  to  be  not 
merely  similar  to  some  that  are  found  in  the  group  above  the  one  in 
question,  and  which  all  persons  agree  in  referring  to  the  Jurassic  period^ 
but  they  are  apparently  specifically  identical. 

Dr.  Hayden,  on  page  11  of  his  Beport  on  the  Geology  of  Captain  Eay- 
nolds^s  Exploration  of  the  Yellowstone  and  Mississippi  Eivers,  made  in 
1860  and  published  in  1869,  states  that  he  found  unmistakable  Jurassic 
fossils  near  the  base  of  this  group. 

lu  1874,  Mr.  Edwin  E.  Ilowell  collected  for  Professor  Powel  several 
species  of  invertebrate  fossils  from  the  lower  portion  of  the  division 
of  this  group  in  Southern  Utah,  some  of  which,  at  least,  I  regard 
as  specifically  identical  with  well  known-species,  until  then  found  only 
in  unquestionably  Jurassic  stnita.*  These  facts  seem  to  indicate, 
with  comparatively  little  doubt,  that  all  the  Mesozoic  strata  of  that 
I>ortion  of  Western  North  America,  below  the  Cretaceous,  belong  to 
one  period  only,  and  that  the  Jurassic.  This  opinion  is,  of  course, 
based  upon  the  invertebrate  fossils  before  referred  to  alone,  no  ver- 
tebrates or  plants  having  been  found  or  examined  by  myself.  If  the 
apeciflc  identification  of  the  invertebrate  fossils  before  referred  to  should 
be  fully  verified,  there  is  no  sufficient  evidence,  so  far  as  I  am  aware, 
of  the  existence  of  any  Triassic  strata,  distinguishable  as  such  by  its 
invertebrate  fossils,  in  any  part  of  the  great  region  east  of  the  great 
Salt  Lake  Basin  and  south  of  the  Union  Pacific  Bailroad.  This  ques- 
tion, however,  is  of  so  important  a  character  that  notwithstanding  the 
evidence  in  favor  of  adopting  the  view  just  indicated,  I  prefer  to  use  the 
provisional  classification  already  given  in  this  chapter,  until  material 
shall  have  been  collected  for  a  more  complete  discussion  of  the  question. 
It  is  especially  desirable  to  collect  as  much  material  as  possible  for  tLis 
discussion,  because  these  strata  and  their  equivalents  are  distributed 
over  so  large  a  portion  of  the  North  American  continent,  where  their 
lithological  characters  are  generally  so  uniform  as  to  render  the  group 
recognizable  at  once  from  them  alone.  However,  in  view  of  the  fact 
that  the  relative  position  of  this  great  series  of  strata  seems  to  justify 
its  reference  to  the  Triassic  period,  while  all  its  yet  known  invertebrate 
fossils  show  an  intimate  relation  with  those  of  tbe  accepted  Jurassic 
strata,  I  shall  adopt  for  present  use  the  general  or  collective  term, 
Jura-Trias,  for  these  two  earlier  Mesozoic  groups. 

As  shown  in  the  description  aecompanying  the  figure  of  the  general 
section  of  the  rocks  of  this  district,  the  divisions  of  this  group  are  all 
sandstones,  the  middle  one  being  very  conspicuous  in  consequence  of  its 
bright-red  color.    The  lower  division  is  sometimes  so  very  much  like  the 
sandstone  of  the  Upper  Carboniferous  group  that  it  is  difficult  to  deter- 
mine where  the  one  ends  and  the  other  begins,  but  in  this  district  the 
strata  of  the  former  are  considerably  softer  than  those  of  the  latter, 
^he  exiK>sures  of  the  strata  of  the  middle  division  are  often  gorgeous  in 
appearance  as  seen  in  the  distance,  for  they  are  often  exposed  in  exten- 
sive escarpment  faces.    Bemarkable  and  extensive  exposures  of  these 
'^  strata  are  seen  in  the  southern  and  eastern  faces  of  the  great  Mid- 

*See  Geology  of  tbe  Uinta  MountaiDH,  pages  80  and  87. 
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land  Ridge,  extending,  indeed,  almost  continuoasly  from  its  eastern  to 
its  western  end. 

Besides  entering  largely  into  tlie  bulk  of  the  great  Midland  Ridge,  the 
strata  of  this  whole  group  form  an  almost  continuous  line  of  hogbacks 
around  the  eastern  end  of  both  the  Uinta  and  Plateau  nt)]ifts,  the 
whole  length  of  Midland  Bidge,  and  thence  continuously  around  the 
western  bases  of  both  Section  Bidge  and  Split  Mountain,  They  also  oc- 
cupy the  bottom  of  Bed  Bock  Basin ;  and  small  isolated  exposures  of  the 
strata  are  to  be  seen  near  the  bases  of  both  Junction  and  Yampa 
Mountains. 

Tlie  fact  that  the  middle  and  upper  divisions  of  this  group  are  so  of- 
ten exposed  in  the  faces  of  hogback  and  other  escarpments  is  doubtless 
due  to  the  softer  and  more  yielding  character  of  the  lower  division, 
which,  becoming  disintegrated  more  rapidly  than  the  others,  iUlows  the 
superimposed  strata  to  foil  down,  leaving  precipitous  escarpment  faces 
of  the  remaining  rock. 

THE  JURASSIC  PERIOD. 

In  this  district,  a  group  of  strata  of  the  Jurassic  period  is  found  every- 
where bordering  the  exposures  that  are  doubtfully  referred  to  the 
Triassic.  They  consist  mainly  of  soft,  greenish,  grayish,  reddish,  and 
purple  bad-land  sandstones,  with  a  few  feet  of  sandy  calcareous  kyers 
near  the  base,  which  contain  the  fossils  that  are  characteristic  of  the 
group.  Being  soft,  the  strata  of  this  group  are  often  obscured  by  the 
debris  resulting  from  their  own  disintegration,  while  the  associated 
strata,  both  above  and  below  them,  being  harder,  resist  disintegration, 
and  are  often  conspicuously  exposed  as  hogbacks  or  other  escarpments. 
Sometimes,  however,  they  appear  in  the  lower  portion  of  the  face  of  a 
hogback  or  escarpment,  being  protected  there  from  further  disintegra- 
tion by  a  cap  of  the  harder  strata  of  the  lowest  group  of  the  Cretaceous 
period.  The  thickness  of  the  group  in  this  district  b^ing  only  about 
(>00  feet,  and  being  usually  exposed  by  flexures  of  the  strata,  it  occupies 
only  a  small  portion  of  the  surface.  Its  exposures  are,  indeed,  mostly 
conflned  to  narrow  bands  that  appear  among  the  upturned  groups  of 
strata  that  flank  the  principal  uplifts  in  the  district. 

It  will  thus  be  seen  that  all  the  groups  hitherto  described,  occur  in 
the  northwestern  portion  of  the  district  alone,  all  having  been  upturned 
along  the  flanks  of  the  Uinta  and  its  accessory  uplifts.  The  whole  of 
this  large  portion  of  the  district  is  therefore  occupied  by  the  rocks  of 
older  date  than  the  Cretaceous  period,  largely  by  those  of  Carbonifer- 
ous age.  This  space  is,  however,  bordered  by  rocks  of  the  Cretaceous 
period,  which,  together  with  those  of  the  Tertiary,  occupy  the  remainder 
of  tbe  district. 

THE  CRETACEOUS  PERIOD. 

The  whole  series  of  Cretaceous  strata  as  they  are  known  to  geologists, 
in  the  great  Rocky  Mountain  region,  is  represented  in  this  district,  as 
well  us  another  series  immediately  above  them,  concerning  the  proper 
age  of  which,  geologists  are  divided  in  opinion,  and  to  which  I  have 
given  the  separate  but  provisional  designation  of  Post-Cretaceous.  Un- 
der this  head  those  strata  are  discussed  upon  subsequent  pages. 

The  original  grouping  of  the  Cretaceous  strata,  as  they  are  found  de- 
veloped in  the  Upper  Missouri  Biver  region,  by  Meek  and  Hayden,  is 
shown  in  the  table  of  correlated  sections  on  page  — .  It  is  also  there 
shown  that  late  authors  agree  in  modifying  that  original  grouping  for 
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the  Cretaceoas  rocks  of  Wyoming,  Colorado,  and  Utah,  by  uniting  the 
equivalents  of  certain  of  those  gronps  under  one  designation,  while  pre- 
serving essentially  the  main  features  of  the  original  classification.  There 
is  comparatively  little  difQculty  in  recognizing  among  the  Cretaceous 
strata  of  the  regions  mentioned,  the  principal  features  of  the  classifica- 
tion which  was  originally  made  by  Meek  and  Uayden  for  those  of  the  Up- 
per Missouri  Kiver  region.  That  which  I  have  followed  consists  mainly 
in  reducing  the  number  of  groups  by  placing  together  those  that  have 
the  nearest  paleqntological  afiSnities.  I  have  thus  placed  the  equivalents 
of  the  Fort  Benton  and  Niobrara  groups  together  under  the  name  of  Col- 
orado Group  'j  and  those  of  the  Fort  Pierre  and  Fox  Hills  groups  together 
under  the  single  name  of  Fox  Hills  Group,  leaving,  as  all  others  have 
done,  the  Dakota,  as  everywhere,  a  single^  separate  group.  Such  a 
grouping  of  tbe  Cretaceous  strata  is  not  only  quite  sufficient  for  all  re- 
quired purposes  withiu  the  region  to  which  it  is  applied,  but  it  is  as 
natural  as  the  original  grouping  is  for  the  Upper  Missouri  River  region. 
The  modification  I  have  adopted  is,  for  this  district  at  least,  quite  as 
natural,  stratigraphically,  as  that  proposed  by  Mr.  King  (who  joins  the 
equivalent  of  the  Fort  Pierre  Group  to  that  of  the  Niobrara  and  Fort 
Benton  groups  to  make  up  the  Colorado  Group),  but  I  find  it  more 
natural,  paleontologically. 

All  the  groups  of  strata  that  are  referred  to  the  Cretaceous  period  in 
this  report  are,  within  this  district,  not  only  strictly  conformable  with 
each  other  as  regards  their  stratification,  but  I  have  never  b^n  able  to 
fix  upon  a  plane  of  demarcation  between  any  of  them  with  entire  pre- 
cision. The  aspect  of  the  strata  throughout  the  vertical  range  of  all 
three  of  these  groups,  is  that  of  continuous  sedimentation.  The  general 
characteristics  by  which  the  groups  are  separated  from  each  other  will 
be  given  under  the  head  of  each. 

THE  DAKOTA  GBOUP. 

The  strata  of  this  group  are  exposed  as  a  narrow  band  among  the  ui> 
turned  strata  that  fiank  the  uplifts  in  the  northwestern  i)or(ion  of  tbis 
district-,  and  also  as  a  small  but  somewhat  broader  exposure,  which  is 
found  to  cap  a  portion  of  Midland  Eidge,  as  is  shown  upon  tbe  geologi- 
cal map  accompanying  this  report,  and  also  upon  one  of  the  sheets  of 
the  great  atlas  of  Colorado,  soon  to  be  published. 

A  very  small  exposure  is  also  to  Lh)  seen  near  the  southwestern  flank 
of  Yampa  Mountain,  and  another  small  one,  of  somewhat  greater  ex- 
tent than  the  last,  in  Agency  Park,  near  the  right  bank  of  White  Eiver. 
The  latter  exposure  is  brought'up  by  a  slight  flexure  tbat  is  apparently 
tbe  vanishing  northern  end  of  the  Elk  Mountain  Uplift,  the  main  eleva- 
tion of  which  is  far  to  the  southward. 

The  general  litbological  characteristics  of  this  group  are  somewhat 
variable  in  different  portions  of  the  great  Kocky  Mountain  region,  but 
this  variability  is  not  such  as  to  prevent  its  ready  identification  wherever 
it  is  sufficiently  exposed,  even  in  very  widely-separated  localities.    In 
this  district  the  group  reaches  an  aggregate  thickness  of  between  50I> 
and  600  feet,  and  consists  of  two  divisions,  which,  in  some  places,  are 
more  clearly  defined  than  in  others.    The  lower  ])ortiou,  having  a  thick- 
ness of  some  300  feet,  consists  of  a  dark-colored,  coarse,  silicious  i>eb- 
Ueconglomerate^  which  is  somewhat  irregularly  bedded  and  easily  dis- 
integrated.   The  u|>per  portion,  having  a  thickness  of  from  150  to  200 
feet,  c  insist'S  of  a  yellowish  or  brownish,  rough,  heavy-bedded  sand- 
^tiODe,  between  which  and  the  conglomerate  some  variegated  bad-land 
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HandKtones  usually  exist.  These  bad-land  sandstones  are  similar  iu  color 
and  general  character  to  those  of  the  Jurassic  Oroup;  and  where  the 
conglomerate  member  of  the  D.ikota  Group  is  not  brought  up  to  view 
with  the  upper  portion,  as  is  the  case  in  Agency  Park,  the  bad-laud 
strata  of  this  group  may  be  easily  mistaken  for  those  of  the  Jurasaic 

This  group  seldom  furnishes  invertebrate  fossil  remains  of  any  kind, 
especially  in  this  distiict  and  tlie  adjoining  region ;  but  very  important 
floral  and  vertebrate  remains  have  been  obtained  from  it  east  of  the 
Kocky  Mountains.  Its  lithological  characteristics,  as  well  as  its  strati- 
graphical  position  in  relation  to  the  other  groups,  leave  no  doubt,  how- 
ever, of  its  identity.  Professor  Powell  rei>orts  the  existence  of  coal  in  the 
Dakota  Group  at  some  localities  in  Utah,  but  I  observed  no  indications 
of  its  existence  among  the  strata  of  the  group  in  this  district. 

THE  COLORADO  GROUP. 

As  already  shown,  the  limits  of  the  Colorado  Group  are  restricted  in 
this  i-eport  S4)  as  to  intentionally  embrace  only  the  equivalents  of  the  Fort 
Benton  and  yiobram  groups  of  the  Upper  Missouri  Bivjer  section,  estab- 
lished by  Meek  and  Ilayden,  and  it  is  also  understood  to  be  equivalent 
with  the  Sulphur  Creek  Group  of  Professor  Powell,  as  thus  restricted. 

It  is  doubtless  true  that  in  some  places  the  strata  which  are  regarded 
as  equivalent  with  those  of  the  Fort  Pierre  Group  of  the  Upper  Missouri 
River  sectfon,  accord  more  nearly  in  lithological  characters  with  those 
beneath,  than  with  those  above  them.  Mr.  Meek,  who  studied  the  paleon- 
tology of  these  groups  so  carefully,  has  shown  in  his  works  that  while  the 
paleontologiciil  affinities  between  the  Fort  Benton  and  Niobrara  groups, 
an<l  the  Fort  Pierre  and  Fox  Hills  groups,  respectively,  are  very  cloae 
they  are  comparatively  very  slight  between  the  two  former  and  two 
latter  groups  respectively.  Although  the  grouping  of  the  strata  of  all 
geological  ages  in  the  western  part  of  North  America  has  been  largely 
done  by  the  tield  geologist,  mainly  upon  stratigraphical  grounds,  and 
much  of  it  properly  so  done,  no  person  will  justly  question  the  necessity 
of  giving  preference  to  paleontological  evidence  in  the  proper  geologicsil 
grouping  of  strata.  It  is  for  this  reason  that,  while  adopting  the  name  « 
*' Colorado"  for  the  group  under  discussion,  as  having  priority  over  t 
that  of  *<  Sulphur  Creek,"  1  restrict  its  application  to  the  strata  that  I 
understand  to  be  the  equivalent  of  the  latter,  and  also  the  equivalent  of 
both  the  Fort  Benton  and  Niobrara  grou|)s,  instead  f»f  including  undei 
the  name  thus  adopted,  the -equivalent  of  the  Fort  Pierre  Group  also. 
as  Mr.  King  has  done. 

The  Colorado  Group  is  perhaps  more  persistent  in  the  uniformity 
its  lithological  characteristics  over  a  great  region  than  any  of  the  othej 
Cretaceous  groups,  with  the  possible  exception  of  the  Dakota  Groo] 
It  consists  largely  of  that  indurated  clayey  material, 'more  or  less 
tinetly  laminated,  which  geologists  generally,  but  somewhat  loosely,  d^ 
nominate  ^^  shales";  but  occasional  layers  of  sandstone,  usually  soft, 
soinetinies  met  with.    The  strata  of  this,  compared  with  those  of  tl 
associateil  groups,  are  easily  eroded.    Consequently  they  seldom 


ill  escarpment  exposures  ;  and  the  stratiOcution  of  the  grouD  is  vc 
often  much  obscured  by  its  own  debris.    The  lower  i>ortion  of  the 
is  uu)iv  clayey,  less  sandy,  and  darker  colored  than  the  upper,  bnt 


being  disintegrated  and  eroded  with  almost  equal  facility,  a  dMm  mn^ 
line  of  separation  between  the  two  portions  is  seldom  or  never  obs^ir- 

aUle. 

The  comparative  ease  w  ith  which  the  strata  of  this  group  are  disw- 
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tegrated  and  eroded  has  produced  a  marked  e£fectapon  the  topography 
of  the  region  in  which  they  exist  Where  the  strata  are  considerably 
flexed,  the  space  occupied  by  those  of  this  group  is  a  hollow  or  valley 
between  lines  of  hogbacks  which  are  composed  of  the  harder  strata  that 
belong  above  and  beneath  this  group.  But  where  the  flexure  is  more 
gentle,  and  especially  upon  a  broad  anticlinal  axis,  the  strata  of  this 
group  are  often  so  eroded  as  to  form  a  basin  or  park,  such  as  have  been 
described  in  Chapter  II. 

Near  the  base  of  the  Colorado  Group  there  is  almost  always  to  be  found 
a  bed  of  dark,  fissile  shales,  containing  the  remains  of  teliost  fishes.    This 
bed  not  only  occurs  at  all  places  in  this  district  where  the  base  of  the 
Colorado  Group  is  exposed,  but  it  is  equally  characteristic  of  the  lower 
part  of  the  group  in  the  adjoining  districts.    Overlying  the  bed  of  shales 
containing  the  remains  of  teliost  fishes,  there  is  often  to  be  found  a 
bed  of  coal.    The  only  place  in  this  district  that  I  observed  this  bed  of 
coal  is  a  couple  of  miles  south  of  the  west  end  of  Lily's  Park,  and  south- 
ward from  Junction  Mountain.    It  is  there  three  or  four  tieet  in  thickness. 
In  this  district  the  strata  of  the  Colorado  Group  occupy  the  surface  of 
Agency  and  Eaveu  Parks;  of  Midland  Basin ;  of,  at  least  the  eastern  half 
of,  Axial  Basin,  and  also  a  considerable  space  bordering  the  mountain 
nplifts  of  the  northwestern  portion  of  the  district 

THE  FOX  HILLS  GBOUP. 

In  accordance  with  the  modified  classification  of  the  Cretaceous  strata 
^opted  in  this  report,  the  Fox  Hills  Group  includes  not  only  the  strata 
^bat  are  understood  to  be  exactly  equivalent  with  those  of  that  group, 
^it  was  originally  defined  by  Meek  and  Uayden,  in  the  Upper  Missouri 
j^iver  region,  but  also  those  that  are  equivalent  with  the  Fort  Pierre 
|^tt>np,  as  it  was  originally  defined  in  that  region.    As  already  stated, 
^1".  King  does  not  on  his  geological  map  include  with  the  Fox  Hills 
^tt>np  those  strata  that  he,  as  well  as  all  other  geologists,  regards  as 
^uivalent  with  the  Fort  Pierre  Group ;  but  he  includes  the  latter  in  the 
^^lorado  Group,  together  with  the  equivalents  of  the  Niobrara  and 
ott  Benton  Groups.    In  the  eastern  portion  of  this  district,  and  also  to 
^  less  extent  in  other  portions,  the  strata  that  I  regard  as  probably 
^^Uivalent  with  the  Fort  Pierre  Group  are  more  readily  eroded  and  dis- 
integrated than  are  those  which  overlie  them,  and  constitute  there 
^^Q  upper  portion  of  the  Fox  Hills  Group.    In  this  respect  they  more 
^^arly  resemble  in  general  aspect  the  strata  of  the  group  beneath  than 
T^ose  above  them ;  but  for  paleontological  reasons,  as  before  stated,  I 
pelade  the  equivalent  strata  of  the  Fort  Pierre  with  those  of  the  Fox 
^ills  Group,  designating  the  whole  by  the  latter  name  alone,  rather 
^l^an  place  it  with  the  Colorado  Group,  as  Mr.  King  has  done,  appar- 
ently on  lithological  grounds. 

The  fossils  obtained  from  the  equivalents  of  the  Fort  Pierre  and  Fox 
^ills  Groups  are  not  only  so  similar  as  to  ally  them  closely  with  each 
^ther,  but  many  of  the  species  range  through  the  whole  series  of  strata 
^hat  are  understood  to  represent  both  of  these  groups.  It  is  probable 
^hat  some  of  the  fossils  of  the  Colorado  Group  range  up  through  the 
^tnainder  of  the  Cretaceous  series;  but,  so  far  as  the  fossils  of  that 
STt)up  are  now  known,  they  seem  to  be  so  generally  restricted  to  its 
^Wn  limits  as  to  give  it  quite  definite  paleontological  characteristics, 
^nd  to  leave  the  Fox  Hills  Group  quite  as  clearly  characterized. 

In  the  western  portion  of  this  district  the  lithological  difl'erence  be- 
tween the  upper  and  lower  portions  of  the  Fox  Hills  Group  is  not  so 
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clearly  shown  as  it  is  in  the  eastern  portion,  bat  yet  the  lowest  portion 
of  this  gronp  is  everywhere  of  such  a  character  lithologically  as  to  be 
not  clearly  separable  from  the  upper  part  of  the  Colorado  Group. 

In  a  ^neral  way,  the  lower  division  of  the  Fox  Hills  Group,  which 
Is  aboot  800  feet  in  thickness,  may  be  defined  as  a  series  of  thin-bedded 
sandstones  and  sandy  shales,  which  are  often  so  easily  disiutep^rated  as 
to  become  covered  with  debris  resulting  from  their  own  disintegration. 
In  Home  places,  therefore,  the  strata  of  this  lower  division  seldom  pre- 
sent escarpment  faces;  but  in  other  places,  especially  in  the  western 
portion  of  the  district,  it  contains  one  or  two  massive  strata  of  firm  sand- 
stone, near  the  top  of  the  division,  that  form  prominent  features  in  all 
the  exi)osures  there  of  ibis  portion  of  the  group.  The  principal  one  of 
these  massive  strata  is  from  30  to  50  feet  thick,  and  is  especially  con- 
spicuoQs  in  escarpments,  of  which  it  forms  the  cap.  Where  this  great 
massive  stratum  exists,  those  below  it  gradually  pass  intoXhe  soft  strata 
of  the  Colonulo  Group,  and  tbe  strata  above  it  are  also  soft,  and  are  in 
turn  eap[)ed  by  another  massive  stratum ;  and  upon  these  comes  the 
remainder  of  tbe  upper  division.  This  description  applies  particularly 
to  the  strata  in  tbe  vicinity  of  Raven  Park. 

l^lH>a  the  lower  division  rest  about  1,000  feet  more  or  less  of  regu- 

larly-betlded  ordinary  sandstones  which  constitute  the  upper  division, 

and  which  form  hogbacks  wherever  the  strata  are  considerably  flexed, 

and  present  bold  escarpments  under  other  conditions  of  flexion  and 

erosion.    These  last-named  characteristics  of  the  group  are  particularly 

olv»t^rvuble  in  and  around  Agency  Park  and  the  eastern  portion  of  Axial 
Biisiu, 

Several  oarbonaoeons  horizons  were  observed  in  different  parts  of  the 
district  among  the  strata  of  this  gronp,  including  both  the  upper  and 
lower  Uivisions,  but  comparatively  little  coal  was  discovered.  Near  the 
^5*^  of  the  group,  however,  a  bed  of  coal,  probably  of  workable  thick- 
ue«a  and  quality,  is  to  be  found  in  some  places. 

The  strala  of  this  group  occupy  quite  a  large  part  of  the  surface  of 
the  Ui^triot,  and  the  upper  strata  enter  into  the  composition  of  a  large 
Piirt  of  the  various  hogbacks  and  escarpments  within  its  limits.  They 
ure  ex|H>8etl  in  the  north  and  west  borders  of  Agency  Park,  in  all  the 
^H>rders  of  Kaven  Park,  and  in  both  the  north  and  south  as  well  as  the 
^N^»t  Inmlers  of  the  eastern  portion  of  Axial  Basin.  Tbey  occupy  that 
lH>rtion  of  the  surface  between  Yampa  River  and  Williams  Fork  which 
lies  atljaeent  to  the  latter  stream,  constitute  a  large  part  of  Piiion  Hidge, 
utul  are  upturned  to  view  in  the  Midland  Flexure  from  one  end  of  the 
Uistriot  to  the  other. 

TUB  POST-CBETACEOUS  PERIOD. 

Kt^sting  conformably  upon  the  Fox  Hills  Gronp  there  is  another  series 
of  strata  which  differs  materially  from  any  of  the  preceding  groups  in 
the  ohanieter  of  ita  invertebrate  fossils,  although  the  sedimentation 
wluoh  prtHiiu^Hl  it  api>ears  to  have  been  continuous  and  unbroken  from 
th\v^^  gnHi|>s  into  and  througbont  the  series  under  discussion.  Tbe 
tbiokness  of  this  series  of  strata  is  greater  than  that  of  any  of  tbe  Cre- 
ta^HH^ts  gr\Mi|)8  pro|>er  that  preceded  it,  reaching  a  maximum  thickness 
u^  the  di»tnot  here  re|H>rted  upon  of  at  least  3,500  feet.  A  few  hundred 
UH*t*  o\M^stiluting  the  upper  portion  of  this  series  in  the  valley  of  Bitter 
l'r\^^k^  WyxMiuug^  ha^  l^een,  by  Professor  Powell  *  and  myself,  separated 

•  Sn^  ^Ws^^(^  o«  IW  Vlttta  Moaauans,  and  Article  XXV,  Vol.  Ill,  BaU.  U.  S.  GeoL 
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from  the  greater,  lower  portion  of  the  series,  and  placed  with  the  Wasatch 
Group  above  it.  This  was  done  becaase  of  an  unconformity  of  the  two 
portions  in  that  district,  and  an  entire  conformity  of  that  npper  portion 
with  the  strata  of  the  Wasatch  Oronp  above  it,  although  the  affinities 
of  the  fossils  of  that  npper  portion  are  with  those  that  are  found  be- 
neitli,  rather  than  with  those  of  the  Wasatch  Group  above.  After  a 
careful  examination  of  the  extensive  exposures  of  this  series  of  strata^ 
u  well  as  those  of  the  Wasatch  Group  above  it  in  this  district,  I  have 
filled  to  discover  any  unconformity,  such  as  exists  in  the  valley  of  Bit- 
ter Creek.  Therefore,  the  greatest  unconformity  that  is  now  known  to 
exist  among  any  of  the  strata  from  the  base  of  the  Cretaceous  to  the 
top  of  what  I  here  designate  as  the  Pos^Cretaceous,  is  found  among  the 
strata  of  the  latter  group,  and  not  at  its  top.  In  this  district  and  the 
region  immediately  adjoining  it,  whatever  catastrophal  or  secular  changes 
may  have  meanwhile  taken  place  elsewhere,  or  even  extending  within 
its  lioiits,  sedimentation  was  evidently  continuous  and  unbroken,  not 
only  through  this  series  itself,  but  also  into  and  through  the  whole 
Wasatch  Group  also. 

The  fact  that  this  series  passes  insensibly  into  the  Fox  Hills  Group 
below,  and  into  the  Wasatch  Group  above,  i^enders  it  difficult  to  fix  upon 
s  stratigraphical  plane  of  demarcation,  either  for  its  base  or  summit.  I 
have  therefore  decided  to  reganl  this  group  as  es.<^entially  a  brackish - 
water  ooe,  referring  all  strata  below,  that  contain  any  marine  Cretaceous 
invertebrate  forms,  to  the  Fox  Hills  Group,  beginning  this  series  with 
those  strata  that  contain  brackish-  and  fresh-water  forms,  and  ending  it 
above  with  those  strata  in  which  the  brackish-water  forms  finally  cease. 
Thus  defined,  the  whole  series  seems  to  form  one  natural  paleontologi- 
cal  group,  as  well  as  to  be  a  sufficiently  distinct  stratigraphical  one,  for 
which  I  have  adopted  the  name  of  Laramie  Gronp  of  King. 

My  reasons  for  separating  this  group  from  the  Cretaceous  series, 
where  it  has  been  placed  by  Cope,  King,  and  Powell,  and  for  giving  it 
the  provisional  designation  of  Post-Cretaceous,  have  been  discussed  by 
me  in  Article  XXIV,  Vol.  Ill,  No.  3,  Bulletin  of  the  United  States  Geo- 
logical  and  Geographical  Survey  of  the  Territoiies,  but  they  may  be 
briefly  repeated  here.  The  flora  of  this  giou[>  is  understood  to  be  wholly 
of  Tertiary  types,  according  to  Profesi«or  Leaqaereux.    None  of  its  in- 
vertebrate fossils  are  of  distinctive  Cretaceous  types,  although  fossils  of 
similar  types  are  known  to  occur  in  Cretaceous  as  well  as  Tertiary  strata. 
So  far,  then,  as  the  flora  and  invertebrate  fauna  are  concerned,  there  is 
nothing  to  indicate  the  Cretaceous  age  of  the  group.    In  fact.  Inverte- 
brate Paleontology  is  utterly  silent  upon  the  subject.    On  the  contrary 
Professor  Cope  finds  reptilian  remains,  even  in  the  uppermost  strata  of 
the  group,  that  he  regards  as  of  Cretaceous  type.    1  believe  that,  upon 
the  evidence  of  invertebrate  paleontology,  the  Fox  Hills  Group  is  later 
than  the  latest  Cretaceous  strata  of  Euroi)e ;  and  I  therefore  regard  the 
Laramie  Group  as  occupying  transitional  ground  between  the  well- 
marked  Cretaceous  and  Tertiary  groups,  but  this  opinion  is  only  tenta- 
tively held  until  further  facts  are  obtained. 

THE  LARAMIE  GEOUP. 

. 

The  relations  of  the  Laramie  Group  to  those  immediately  above  and 
below  it  in  the  geological  series,  as  well  as  its  general  characteristics, 
have  been  pointed  out  in  the  last  paragraphs,  and  it  now  remains  to 
speak  of  its  characteristics  as  they  are  shown  in  this  district  and  those 
adjoining  it. 

The  Laramie  Group,  in  a  large  part  of  Southern  Wyoming  and  the      i 
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clearly  shown  as  it  is  in  the  eastern  portion,  bat  yet  the  lowest  portion 
of  this  group  is  everywhere  of  sach  a  character  lithologically  as  to  be 
not  clearly  separable  from  the  apper  part  of  the  Colorado  Group. 

In  a  general  way,  the  lower  division  of  the  Fox  Hills  Gronp,  which 
is  about  800  feet  in  thickness,  may  be  defined  as  a  series  of  thin-bedded 
sandstones  cind  sandy  shales,  which  are  often  so  easily  disintegrated  as 
to  become  covered  with  debris  resulting  from  their  own  disintegration. 
In  some  places,  therefore,  the  strata  of  this  lower  division  seldom  pre- 
sent escarpment  faces;  but  in  other  places,  especially  in  the  western 
portion  of  the  district,  it  contains  one  or  two  massive  strata  of  firm  sand- 
stone, near  the  top  of  the  division,  that  form  prominent  features  in  all 
the  exposures  there  of  Ibis  portion  of  the  group.  The  principal  one  of 
these  massive  strata  is  from  30  to  50  feet  thick,  and  is  especially  con- 
spicuous in  escarpments,  of  which  it  forms  the  cap.  Where  this  great 
massive  stratum  exists,  those  below  it  gradually  pass  into,the  soft  strata 
of  the  Colorado  Group,  and  the  strata  above  it  are  also  soft,  and  are  in 
turn  capped  by  another  massive  stratum ;  and  upon  these  comes  the 
remainder  of  the  upper  division.  This  description  applies  particularly 
to  the  strata  in  the  vicinity  of  Raven  Park. 

U|)on  the  lower  division  rest  about  1,000  feet  more  or  less  of  regn- 
larly-be<lded  ordinary  sandstones  which  constitute  the  upper  division, 
and  which  form  hogbacks  wherever  the  strata  are  considerably  flexed, 
and  present  bold  escarpments  under  other  conditions  of  flexion  and 
erosion.  These  last-named  characteristics  of  the  gronp  are  particularly 
observable  in  and  around  Agency  Park  and  the  eastern  portion  of  Axial 
Basin. 

Several  carbonaceous  horizons  were  observed  in  different  parts  of  the 
district  among  the  strata  of  this  group,  including  both  the  upper  and 
lower  divisions,  but  comparatively  little  coal  was  discovered.  Near  the 
base  of  the  group,  however,  a  bed  of  coal,  probably  of  workable  thick- 
ness and  quality,  is  to  be  found  in  some  places. 

The  strata  of  this  gronp  occupy  quite  a  large  part  of  the  surface  of 
the  district,  and  the  upper  strata  enter  into  the  composition  of  a  large 
part  of  the  various  hogbacks  and  escarpments  within  its  limits.  They 
are  exposed  in  the  north  and  west  borders  of  Agency  Park,  in  all  the 
borders  of  Raven  Park,  and  in  both  the  north  and  south  as  well  as  the 
east  borders  of  the  eastern  portion  of  Axial  Basin.  They  occupy  that 
portion  of  the  surface  between  Yampa  River  and  Williams  Fork  which 
lies  adjacent  to  the  latter  stream,  constitute  a  large  part  of  Piiion  Ridge, 
and  are  upturned  to  view  in  the  Midland  Flexure  from  one  end  of  the 
district  to  the  other. 

THE  POST-CRETACEOUS  PERIOD. 

Resting  conformably  upon  the  Fox  Hills  Group  there  is  another  series 
of  strata  which  difters  materially  from  any  of  the  preceding  groups  in 
the  character  of  its  invertebrate  fossils,  although  the  sedimentation 
which  produced  it  appears  to  have  been  continuous  and  unbroken  from 
those  groups  into  and  throughout  the  series  under  discussion.  The 
thickness  of  this  series  of  strata  is  greater  than  that  of  any  of  the  Cre- 
taceous groups  proper  that  preceded  it,  reaching  a  maximum  thickness 
in  the  district  here  reported  upon  of  at  least  3,500  feet.  A  few  hundred 
feet,  constituting  the  upper  iiortion  of  this  series  in  the  valley  of  Bitter 
Creek,  Wyoming,  has  been,  by  Professor  Powell  •  and  myself,  separated 

*  See  Geology  of  the  Uiuta  MouutainB,  and  Article  XXV,  Vol.  Ill,  Bull.  U.  S.  Qeoh 
Surv.  Tor. 
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from  the  greater,  lower  portion  of  the  series,  and  placed  with  the  Wasatch 
Groap  alx)ve  it^  This  was  done  becaase  of  an  ancontbrmity  of  the  two 
portions  in  that  district,  and  an  entire  conformity  of  tliat  upper  portion 
with  the  strata  of  the  Wasatch  Group  above  it,  although  the  affinities 
of  the  fossils  of  that  upper  portion  are  with  those  that  are  found  be- 
neath, rather  than  with  those  of  the  Wasatch  Group  above.  After  a 
careful  examination  of  the  extensive  exposures  of  this  series  of  strata, 
as  well  as  those  of  the  Wasatch  Group  above  it  in  this  district,  I  have 
failed  to  discover  any  unconformity,  such  as  exists  in  the  valley  of  Bit- 
ter Creek.  Therefore,  the  greatest  unconformity  that  is  now  known  to 
exist  among  any  of  the  strata  from  the  base  of  the  Cretaceous  to  the 
top  of  what  I  here  designate  as  the  Post-Cretaceous,  is  found  among  the 
strata  of  the  latter  group,  and  not  at  its  top.  In  this  district  and  the 
region  immediately  adjoining  it,  whatever  catastrophalorsecular changes 
may  have  meanwhile  taken  place  elsewhere,  or  even  extending  within 
its  limits,  sedimentation  was  evidently  continuous  and  unbroken,  not 
only  through  this  series  itself,  but  also  into  and  through  the  whole 
Wasatch  Group  also. 

The  fact  that  this  series  passes  insensibly  into  the  Fox  Hills  Group 
below,  and  into  the  Wasatch  Group  above,  renders  it  difficult  to  fix  upon 
a  stratlgraphicai  plane  of  demarcation,  either  for  its  base  or  summit.  I 
have  therefore  decided  to  regard  this  group  as  essentially  a  brackish- 
water  one,  referring  all  strata  below,  that  contain  any  marine  Cretaceous 
invertebrate  forms,  to  the  Fox  Hills  Group,  beginning  this  series  with 
those  strata  that  contain  brackish-  and  fresh-water  forms,  and  ending  it 
above  with  those  strata  in  which  the  brackish-water  forms  finally  cease. 
Thas  defined,  the  whole  series  seems  to  form  one  natural  paleontologi- 
cal  group,  as  well  as  to  be  a  sufficiently  distinct  stratigraphical  one,  for 
which  I  have  adopted  the  name  of  Laramie  Group  of  King. 

My  reasons  for  separating  this  group  from  the  Cretaceous  series, 
where  it  has  tieen  placed  by  Cope,  King,  and  Powell,  and  for  giving  it 
the  provisional  designation  of  Post-Cretaceous,  have  been  discussed  by 
me  in  Article  XXIV,  Vol.  Ill,  No.  3,  Bulletin  of  the  Qnited  States  Geo- 
logical and  Geographical  Survey  of  the  Territoiies,  but  they  may  be 
briefly  repeated  here.  The  flora  of  this  group  is  understood  to  be  wholly 
of  Tertiary  types,  according  to  Professor  Lesquereux.  None  of  its  in- 
vertebrate fosHils  are  of  distinctive  Cretaceous  types,  although  fossils  of 
Mmilar  types  are  known  to  occur  in  Cretaceous  as  well  as  Tertiary  strata. 
So  far,  then,  as  the  flora  and  invertebrate  fauna  are  concerned,  there  is 
nothing  to  indicate  the  Cretaceous  age  of  the  group.  In  fact.  Inverte- 
brate Paleontology  is  utterly  silent  upon  the  subject.  On  the  contrary 
Professor  Cope  finds  reptilian  remains,  even  in  the  uppermost  strata  of 
the  group,  that  he  regards  as  of  Cretaceous  type.  1  believe  that,  upon 
the  evidence  of  invertebrate  paleontolo^ry,  the  Fox  Hills  Group  is  later 
than  the  latest  Cretaceous  strata  of  Euroi)e ;  and  I  therefore  regard  the 
Laramie  Group  as  occupying  transitional  ground  between  the  well- 
marked  Cretaceous  and  Tertiary  groups,  but  this  opinion  is  only  tenta- 
tively held  until  further  facts  are  obtained. 

THE  LABAMIE  GEOUP. 

• 

The  relations  of  the  Laramie  Group  to  those  immediately  above  and 
below  it  in  the  geological  series,  as  well  as  its  general  characteristics, 
have  been  pointed  out  in  the  last  paragraphs,  and  it  now  remains  to 
speak  of  its  characteristics  as  they  are  shown  in  this  district  and  those 
aOjoiuing  it. 

The  I^tramie  Group,  in  a  large  part  of  Southern  Wyoming  and  the 
3  a 
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adjacent  parts  of  Colorado  and  Utah,  consists  mainly  of  the  ordinary 
indurated  sandstones  that  so  largely  enter  into  the  composition  of  the 
Cretaceoas  groniis  of  that  region,  together  with  somewhat  freqaent  beds 
of  carbonaceous  shales,  and  several  beds  of  coal  of  greater  or  less  im- 
portance. This  description  has  also  a  good  general  application  to  the 
group,  as  it  is  developed  in  this  district;  bat  in  the  eastern  part  it  con- 
sists very  largely  of  a  series  of  reddish-colored,  asnally  thin-bedded 
8audstones,together  with  some  shaly  and  carbonaceoas  beds.  These  pecu- 
liarities, however,  gradually  merge  into  the  more  common  characteris- 
tics of  the  group  to  the  westward.  Besides  many  more  or  less  distinct 
carbonaceous  horizons,  the  group  contains  several  beds  of  coal  within 
this  district.  One  of  the  best  is  near  its  base,  and  another  near  its  top, 
with  others  between,  that  may,  perhaps,  be  found  to  be  of  workable 
thickness. 

The  strata  of  the  Laramie  Group  occupy  a  large  space  between  the 
eastern  portion  of  Axial  Basin  on  the  one  side,  and  Agency  Park  and 
Hogback  Valley  on  the  other.  It  is  brought  to  view  along  the  whole 
length  of  both  the  Midland  and  Eaven  liidge  flexures,  besides  occupy- 
ing considerable  spaces  to  the  northeastward  and  northwestward  of 
Raven  Park.  It  also  occupies  the  larger  part  of  the  space  between 
Williams  Fork  and  Yampa  Iliver,  within  the  district,  as  well  as  the 
most  of  that  portion  of  it  which  lies  north  of  the  Yampa  and  between 
the  month  of  Williams  Fork  and  Yampa  Mountain.  For  the  more  pre- 
cise limits  of  the  surface  occupied  by  the  strata  of  the  group  within  the 
limits  of  this  district  see  the  geological  map  accompanying  this  report, 
and  also  that  of  the  large  atlas  of  Colorado,  published  by  the  Survey. 

So  far  as  known  to  me,  the  strata  of  all  the  Cretaceous  groups  of 
Western  North  America,  beneath  the  horizon  of  the  Laramie  Group, 
are  of  marine  origin,  except  a  few  local  deposits  in  different  portions  of 
the  series,  which  contain  brackish-  and  freshwater  invertebrate  forms. 
On  the  contrary,  no  exclusively  marine  invertebrate  forms  are  known  to 
have  been  obtained  from  the  strata  of  the  Laramie  Group,  as  I  have 
defined  its  limits  in  this  report.  The  species  of  Inoceramus  that  have 
heretofore  been  reported  from  the  lower  strata  of  this  group,  I  am  now 
satisfied  should  be  referred  to  the  Fox  Hills  Groui),  the  error  of  refer- 
ence having  been  made  in  consequence  of  the  absence  of  a  distinct 
stratigraphical  plane  of  demarcation  between  the  groups.  The  com- 
parative abundance  of  remains  of  land-plants  in  all  the  strata  of  tho 
Laramie  Group  also  indicates  its  separation  from  the  open-sea  deposits. 

THE  TEETIAEY  PERIOD. 

In  (he  great  region  that  is  now  drained  by  the  Green  Biver  there  are 
three  well-marked  groups  of  strata,  all  conformable  with  each  other, 
that  come  in  their  order  above  the  Laramie  Group,  and  which  all  agree 
in  referring  to  the  Tertiary  period.  These  are  the  Wasatch,  Green  River, 
and  Bridger  Groups,  named  in  the  ascending  order. 

As  already  mentioned  on  a  previous  page,  all  the  groups  of  the  Cre- 
taceous period,  as  they  are  developed  in  the  great  Rocky  Mountain 
region,  so  far  as  I  have  been  able  to  observe,  or  to  ©btaiu  information  of 
tliem,  are  strictly  conformable  upon  each  other.  I  have  also  shown  that 
the  Post-Cretaceous  Group  is  strictly  conformable  upon  the  uppermost 
of  the  Cretaceous  groups,  although  some  unconformity  is  known  to 
exist  among  the  strata  within  the  limits  of  the  Post-Cretaceous  Group 
(the  Laramie  Group),  to  the  northward  of  this  district.  1  have  been 
equally  unable  to  discover  any  unconformity  between  the  strata  of  th^ 
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Laramie  Oronp,  which  I  have  designated  as  Post-Crctaceons,  and  those 
of  the  Wasatch  Group,  the  earliest  of  the  Tertiary  groups  pro|)er. 
I^either  have  I  been  able  to  discover  any  definite,  stratigraphical  plane 
of  demarcation  bewteen  the  two  groups. 

THE  WASATCH  GROUP. 

In  his  annual  report  for  1870,  Dr.  Ilayden  proposed  the  name  "  Wa- 
satch Group"  for  a  series  of  strata  that  are  extensively  developed  in 
Soathem  Wyoming  and  adjacent  parts  of  Utah  and  Colorado.  I  regard 
the  series  of  strata  to  which  Mr.  King  has  given  the  name  ^^Yormilioa 
Creek  Group,''  and  Professor  Powell,  that  of  "  Bitter  Creek  Group,''  as 
geologically  equivalent  with  the  Wasatch  Group  of  Dr.  Haydvn,  anil  I 
therefore  use  that  name  in  this  report,  in  accordance  with  the  recognized 
rule  in  such  cases. 

The  Wasatch  Group  is  the  lowest  of  a  series  of  three  fresh- water  Ter- 
tiary groups,  all  of  which  are  intimately  connected,  not  only  by  an  evi- 
dent continuity  of  sedimentation  throughout,  but  also  by  the  passage  of 
a  portion  of  the  moUuscan  species  from  one  group  ui)  into  the  next 
above.  Not  only  were  these  three  groups,  aggregating  more  than  a  mile 
in  thickness,  evidently  produced  by  uninterrupted  sedimentation,  but  it 
seems  equally  evident  that  it  was  likewise  uninterrupted  between  the 
I^aramie  and  Wasatch  epochs,  although  there  was  then  a  change  from 
brackish *to  fresh  waters,  and  a  consequent  change  of  all  the  species  of 
invertebrates  then  inhabiting  those  waters. 

The  Wasatch  Group  in  this  district  consists  very  largely  of  soft,  varie- 
gated bad-land  sandstones  that  reach  a  thickness  of  about  1,500  feet, 
together  with  from  100  to  300  feet  of  the  ordinary  indurated  sand- 
stones, alternating  with  bad-land  material  at  the  base,  and  a  similar 
amount  of  similar  material  at  top,  the  estimated  aggregate  thick- 
ness being  about  2,000  feet.  The  litbological  characteristics  vary  some- 
what in  different  parts  of  the  district,  the  middle  portion  sometimes 
losing  its  distinctive  bad-land  character,  and  the  sandstones  becoming 
more  indurated,  but  they  seldom  become  very  hard. 

The  exposures  of  the  Wasatch  Group  in  this  district  are  mostly  con- 
fined to  that  portion  of  the  surface  occupied  by  the  principal  flexures  of 
strata,  the  surfaces  of  Coyote  Basin  and  Powell's  Park  being  the  broad- 
est spaces  occupied  by  those  strata.  They  are  upturned  by  the  Midland, 
Grand  Hogback,  and  Haven  Ilidge  flexures,  and  are  exposed  in  the 
valley  of  White  River  along  a  great  i)art  of  the  whole  distance  from 
Powell's  Park  to  a  point  a  few  miles  below  Eaven  Park.  Being  com 
posed  of  easily  eroded  materials,  the  strata  of  this  group  seldom  pro- 
duce any  conspicuous  features  of  the  surface,  except  the  valleys  and 
basins  that  are  eroded  out  of  them,  such  as  Powell's  Park,  Coyote  Basin, 
Hogback  Valley,  and  a  part  of  White  River  Valley. 

Very  few  fossils  were  obtained  from  the  strata  of  the  W^asatch  Group 
in  this  district.  Specimens  of  the  genera  VMparus,  OoniobasiSjRud  Unio 
were  obtained  from  strata  near  the  top  of  the  group  in  Raven  Ridge,  near 
tlie  south  western  border  of  Raven  Park.  The  same  genera,  and  doubtless 
the  same  species,  were  found  in  a  similar  horizon  in  the  valley  of  White 
Biver  opposite  Pinon  Ridge,  where  also  fragments  of  Physa  pleromatis 
White,  were  obtained. 

THE  GREEN  RIVER  GROUP. 

Keating  immediately  and  conformably  upon  the  Wasatch  are  the 
strata  of  the  Green  River  Group.  Although  intimately  connected  with 
the  former  by  continuous  sedimentation  and  specific  identity  of  moUus- 
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can  species,  they  difiTer  considerably  firom  those  of  that  gronp  in  general 
aspect,  and  in  composition  also.  The  groap  is,  lithologicaliy,  at  least, 
separable  into  two  divisions,  bat  they  are  not  regarded  as  severally  of 
co-ordinate  value  wit'a  the  other  recognized  Tertiary  groups.  The  lower 
division  consists  mainly  of  silicions  and  sandy  shales,  and  laminated 
and  thin-bedded  sandstones,  with,  in  some  places,  especially  in  the 
western  i>art  of  this  district,  fregaent  layers  of  hard,  dark-colored  car- 
bonaceoas  shales.  In  some  places  the  strata  are  also  qnite  caloareoas, 
occasional  layers  being  nearly  pare,  compact,  finely-laminated  limestone. 
Others  of  the  calcareoas  layers  are  sometimes  oolitic  in  texiare.  The 
general  aspect  of  the  strata  as  seen  exposed  at  a  distance  is  light 
gray. 

The  upper  division  consists-mainly  of  sandstones  that  are  coarser,  as 
well  as  less  thinly  and  distinctly  bedded,  than  those  of  the  lower  divis- 
ion. In  some  part^  it  is  shaly,  and  in  others  carbonaceous.  Mach  of 
its  sandstone  is  ferruginous  in  aspect,  instead  of  having  the  gray  tint 
that  the  lower  division  has.  Sometimes  certain  beds  of  its  sandstones 
are  earthy  and  easily  disintegrated,  often  leaving,  weathered  out  of  the 
mass,  spherical  concretions  of  hard  sandstone  that  vary  in  size  from  a 
fraction  of  an  inch  to  two  or  three  feet  in  diameter.  Other  beds  some- 
times present  buttress  like  masses  in  the  brow  of  bluffs,  which  form 
conspicuous  and  somewhat  remarkable  features  in  the  landscape.  Such 
features  are  very  characteristic  of  this  division  in  the  blufTs  of  Green 
River  in  the  vicinity  of  Green  Eiver  City,  Wyo.,  and,  to  a  less  extent, 
they  also  appear  in  the  bluffs  which  border  the  caiion  and  valley  of 
White  Eiver,  in  the  southwest  portion  of  this  district. 

The  invertebrate  fossils  which  this  group  affords  are  similar  to  those 
that  are  found  in  the  fresh-water  portion  of  the  Wasatch  Group,  some  of 
the  species  being  identical,  and  indicate  a  purely  freshwater  condition 
throughout.  They  are  almost  wholly  molluscan,  and  belong  to  the 
branch iferous  geuera  (7mo,  Viviparus^  and  OoniobasiSj  beside  several 
genera  of  pulmouate  gasteropods,  including  both  the  limnophile  and 
geophile  divisions.  The  Green  Eiver  Group  has  become  somewhat 
noted  for  the  fossil  fishes  that  have  been  discovered  in  its  strata  in  Wyo- 
ming, and,  like  the  Wasatch  Group,  it  has  at  various  localities  also  fur-' 
uished  considerable  collections  of  fossil  vertebrates  and  plants. 

In  this  district,  the  Green  Eiver  Group  is  well  and  characteristically 
develoi>ed,  the  lower  division  reaching  a  thickness  of  about  nine  hun- 
dred leet  and  the  upi>er  division  about  five  hundred  feet.  The  large 
hill-masses  that  lie  between  Hogback  Valley  and  Powell's  Park  are 
composed  of  it,  as  are  also  thone  that  form  the  bluffs  of  the  south  side 
ot  the  valley  of  White  Eiver,  from  Powell's  Park  to  the  western  bound- 
ary of  the  district,  except  that  portion  of  them  which  forms  the  south- 
ern border  of  Eaveu  Park.  It  also  occupies  a  considerable  space  ad- 
jacent to  Wliite  Eiver,  between  liaven  Park  and  the  western  boundary 
i>f  the  district,  and  also  a  narrower  space  along  the  southwestern  side 
of  Eaven  Eidge. 

The  strata  of  the  lower  division  of  the  Green  Eiver  Group  differ  con- 
siderably in  lithological  characters  in  different  part«  of  this  district.  In 
the  bills  that  lie  between  Ilogback  Valley  and  Powell's  Park  they  am 
more  largely  composed  of  ordinary  sandstones  than  is  usual  in  this 
group,  some  of  which  constitute  thick,  heavy-bedded  strata.  In  the 
southwestern  part  of  the  district  the  strata  of  this  division  are  more 
finely  laminated,  and  contain  much  more  calcareous  and  carbonaceous 
material  tban  elsewhere. 

The  princiiHil  fiexures  and  other  displacements  of  the  strata  of  this 
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tegion  doabtleea  took  place  after  the  deposition  of  the  Green  Biver 
Groap,  bat  in  the  district  here  reported  on  the  strata  of  the  whole  group 
are,  as  a  role,  nearly  horizontal,  or  vary  only  a  few  degrees  from  the 
horizon.  This  is  evidently  dne  to  the  fact  that  they  have  been  eroded 
from  the  spaces  that  are  now  occopied  by  the  more  abrapt  flexares, 
which  they  doubtless  once  covered,  but  are  now  fonnd  to  occnpy  only 
or  mainly  the  comparatively  nndistarbed  spaces  on  the  dropped  side  of 
the  flexures. 

THE  BBIDGEB  GROUP. 

This  is  one  of  the  more  important  of  the  gronps  among  those  that,  in 
western  North  America,  are  referred  to  the  Tertiary  period,  especially  as 
regards  the  vertebrate  remains  that  have  been  obtained  from  its  strata. 
It  is  most  folly  and  characteristically  developed  in  the  region  known  as 
the  Green  Biver  Basin,  north  of  the  Uinta  Moontains,  only  the  sooth- 
eastern  i)ortion  of  the  formation,  so  far  as  it  is  now  known^  extending 
within  the  limits  of  this  district.  In  its  typical  localities  it  is  foond 
resting  conformably  opon  the  Green  Biver  Groop,  into  which  it  passes 
withont  a  distinct  plane  of  demarkation  among  the  strata.  Its  moUoscan 
fossil  remains  correspond  closely  with  those  of  the  Green  Biver  Groap, 
some  of  the  species  being  common  to  both,  all  indicating  a  porely  fresh 
condition  of  the  waters  in  which  the  strata  of  both  groops  were  de- 
posited. At  the  typical  localities  the  groop  is  composed  in  great  part 
of  soft,  variegated,  bad-land  sandstones,  a  pecnliar  greenish  color  often 
predominating  over  the  others,  which  are  reddish,  porple,  bloish,  and 
gray.  Limestone  strata,  marly  and  clayey  beds,  and  cherty  layers  are 
not  oncommou,  and  grits  and  gravelly  layers  sometimes  occor. 

Strata  of  the  Bridger  Groop  are  foond  to  occopy  only  a  comparatively 
minote  portion  of  the  sqrface  in  this  district,  the  only  locality  at  which 
they  appear  being  in  the  valley  of  Bed  Bloff  Wsish,  between  Baven 
Bidge  and  White  Biver,  in  the  soothwestern  part  of  the  district,  where 
these  strata  rest  opon  those  of  the  opper  division  of  the  Green  Biver 
Groop,  and  are  covered  in  torn  by  those  of  the  Uinta  Groop.  The  strata 
of  the  Bridger  Groop  exposed  there  reach  only  aboot  one  bondred  feet 
in  thickness,  and  probably  represent  tbose  near  the  base  of  the  forma- 
tion. The  only  fossils  obtained  from  these  strata  were  a  few  fragments 
of  chelouian  and  mammalian  bones. 

THE  UINTA  GEOUl'. 

Besting  directly,  but  by  onconformity  of  sequence,  opon  all  the  Ter- 
tiary and  Cretaceoos  groops  in  the  region  surrounding  the  eastern  end 
of  the  Uinta  Mountain  Bange,  is  another  Tertiary  group  that  has  received 
the  name  of  "Uinta  Group'^  from  Mr.  King,  and  "Brown's  Park  Group" 
fipom  Professor  Powell.  It  is  possible  that  this  group  was  deposited 
continuously,  at  least  in  part,  with  the  Bridger  Group,  but  at  the  places 
where  the  junction  between  the  two  groups  has  been  seen  in  this  region, 
there  is  an  evident  unconformity,  both  by  displacement  and  erosion. 

The  group  consists  of  fine  and  coarse  sandstones,  with  frequent  layers 
of  gravel,  and  occasionally  both  cherty  and  calcareous  layers  occur. 
The  sandstones  are  sometimes  firm  and  regularly  bedded,  and  some- 
times soft  and  partaking  of  the  character  of  bad-land  material.  The 
color  varies  from  gray  to  dull  reddish-brown,  the  former  prevailing  north 
of  the  Uinta  Mountains  and  the  latter  south  of  them. 

The  only  invertebrate  fossils  that  are  known  to  have  been  discovered 
^^  fhe  strata  of  this  group  are  some  specimens  of  aP%«a,  very  like  a 
^■•s^nt  species.    Therefore,  invertebrate  paleontology  has  furnished  no 
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evideuce  of  its  assamed  Tertiary  age  and  lacastrine  conditioDS  of  its 
deposition.  Its  fresb-water  origin,  however,  seems  unqaestionskble,  be- 
cause of  its  iutra-coDtiDental  position,  its  limited  extent,  and  the  fact 
that  none  bat  fresh-water  deposits  are  known  in  this  part  of  the  couti« 
neut  that  are  of  later  date  than  the  close  of  the  Laramie  period. 

While  the  known  anconformity  of  this  groap  upon  the  other  Tertiary 
groups,  as  well  as  upon  the  still  older  rocks,  might,  in  the  absence  of 
other  facts,  be  suggestive  of  its  post-Tertiary  age,  the  following  facts 
seem  to  show  that  it  cannot  be  of  later  date  thau  Pliocene  Tertiary,  to 
which  epoch  Dr.  Ilayden,  upon  the  occasion  of  his  hrst  visit  to  that 
region,  referred  it.  In  many  places  the  strata  still  remain  in  a  nearly 
horizontal  position,  but  in  others  they  have  beeu  considerably  displaced, 
as,  for  example,  by  being  flexed  up  against  the  flanks  of  the  Uiuta 
Mouutains,  and  also  in  a  similar  mann^  against  the  Dry  Mountains, 
northeastward  from  Brown's  Park.  This  shows  that,  although  much 
movement  of  displacement  took  place  before  the  deposition  of  the 
Brown's  Park  strata,  as  shown  by  their  unconformity  with  those  of  the 
older  groups,  a  considerable  amount  of  movement,  even  of  mountain 
elevation,  has  taken  place  since  their  deposition.  Besides  this,  a  large 
proportion  of  the  immense  denudation  which  the  strata  of  that  region 
have  suffered  is  known  to  have  taken  place  since  the  deposition  and 
)>artial  displacement  of  the  Brown's  Park  Group,  because  these  strata 
are  involved  with  the  others  in  that  denudation.  Furthermore,  a  re- 
markably extensive  outdo w  of  basaltic  trap,  covering  a  large  region 
which  lies  mainly  to  the  eastward,  but  which  formerly  extended  much 
within  the  limits  of  this  district,  took  place  after  the  deposition  of  the 
Uinta  Group,  and  also  after  it  had  suffered  displacement  and  erosion  to 
some  extent  at  least.  This  is  known  to  be  the  case,  because  the  trap  is 
found  resting  upon  the  unevenly  eroded  surface  of  a  portion  of  the 
Uinta  Group  at  Fortification  Butte.  That  portion  occupies  a  higher 
level  than  does  the  principal  portion  of  the  group,  at  least  within  this 
district ;  and  the  trap  rests  unconformably  upon  the  Laramie  and  Cre- 
taceous strata  in  the^  immediate  vicinity,  as  well  as  upon  the  Uinta 
strata,  in  such  a  manner  as  to  show  that  little,  if  any,  movement  has 
taken  place  since  the  trap  outdow.  The  denudation  of  the  rocks  of  that 
region  has  been  so  great  since  the  trap  outdow  that  the  lattiT  rock  has 
beeu  removed  from  a  large  part  of  the  suiface  it  once  occupied,  leaving 
only  here  and  there  mere  shreds  of  the  once  massive  and  extensive 
sheet  upon  the  higher  hills. 

Water-worn  fragments  of  this  trap,  together  with  those  of  other 
rocks,  enter  into  the  composition  of  the  scattered  drift  of  that  region. 
This  drift  was  probably  contemporaneous  with  the  great  northern  gla- 
cial drift,  and  is  found  not  only  in  the  valleys  of  that  region,  but  also 
scattered  upon  the  hills  many  hundred  feet  higher  thau  the  streams. 
These  facts  seem  to  be  sufhcient  to  [)iove  that  the  Uinta  Group  cannot 
l)e  of  later  date  than  Pliocene  Tertiary,  while  its  relations  to  the  other 
Tertiary  groups  seem  to  show  that  it  cannot  be  refeired  to  an  earlier 
epoch  than  the  Miocene.     But  further  evideuce  on  tliis  point  is  needed. 

This  group  occupies  that  expansion  of  Green  Kiver  Valley  which  is 
known  as  Brown's  Park.  From  there  it  extends  eastward  and  around 
the  eastern  end  of  the  Uinta  Uplilt,  except  a  few  miles  interruption  of 
its  continuity  thrre,  and  thence  extends  westward  along  the  southern 
base  of  the  Uinta  Mountains  a  large  part  of  the  length  of  the  range. 
It  extends  northward  from  the  eastern  portion  of  the  Uinta  Mountains 
as  far  as  Dry  Mountains  and  Godiva  Kidge.  Itemaining  patches  of  it 
show  that  the  formation  formerly  extended  eastward  as  far  as  the  foot- 
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hills  of  the  Park  Range.  The  relation  which  this  groap  has  to  similar 
gioops  in  difterent  parts  of  that  great  western  region  remains  for  future 
investigation  to  determine.  Its  relation  to  those  immediately  associated 
\cith  it  is  a  matter  of  great  interest,  which  will  be  much  enhanced  by  any 
paleontological  testimony  that  its  strata  may  yet  furuisb. 

In  this  district  the  Uinta  Group  occupies  nearly  the  whole  surface  of 
the  western  portion  of  Axial  Basin,  comparatively  small  areas  immedi- 
ately east  and  immediately  north  of  Yampa  Mountain,  and  a  consider- 
able portion  of  the  space  between  Junction  Mountain  and  the  east'eru 
end  of  the  Uinta  Uplift,  all  of  which  si)ac«s  are  in  unbroken  continuity. 
It  also  occupies  quite  a  large  space  in  the  western  part  of  the  district, 
which  is  bordered,  in  a  general  way,  by  Uaven  Ridge,  Red  Bluff  Wash, 
and  the  western  |^nndary-line  of  the  district,  beyond  which  it  is  con- 
tinued far  to  the  westward.  Throughout  the  whole  of  this  last- men- 
tioned space  the  strata  of  the  group  have  that  dull  rusty-red  aspect  and 
partial  bad-land  character  before  mentioned,  while  to  the  eastward  of 
the  Uinta  Range  the  general  aspect  of  the  group  is  gray. 

EEUPTIVE  BOCKS. 

Besides  the  stratified  rocks  of  this  district,  which  have  already  been 
described,  a  few  of  igneous  origin  are  found  in  the  eastern  portion 
These  are  remaining  portionsof  a  most  remarkable  outflow  of  dark  colored 
vesicular  bassaltic  trap,  which,  att^r  the  close  of  the  Tertiary  period, 
took  place  in  the  region  bordering  upon  the  esistern  portion  of  this  dis- 
trict, extending  also  to  the  northward  and  southward.  Much  the  larger 
part  of  this  great  outflow  has  evidently  been  removed  by  erosion  so  that 
only  shreds  of  it  remain  where  it  once  occupied  the  surface  as  a  contin- 
uous sheet.  Broken  masses  of  this  rock  are  scattered  profusely  upon 
nearly  all  the  higher  hills  in  the  northeastern  portion  of  the  district, 
but  upon  only  one  point  within  its  borders  was  it  seen  to  occupy  its 
original  undisturbed  position.  Just  beyond  the  border  of  the  district  to 
the  eastwanl,  however,  especially  upon  the  White  River  Plateau,  it  yet 
abundantly  overspreads  the  str^itified  rocks  upon  which  it  was  deposited 
at  the  time  of  the  outflow.  This  trap-outflow  is  known  to  have  taken 
place  after  the  deposition  of  the  Uinta  Group  because  the  trap  is  found 
to  rest  upon  the  latter  at  Fortification  Butte,  some  six  miles  north  of 
the  northeast  corner  of  thi»  district.  It  is  known  to  be  of  older  date 
than  the  drift  of  that  region,  and  also  older  than  other  Quaternary 
changes  that  have  taken  place  there,  because  it,  together  with  other 
rocks,  has  suffered  such  extensive  erosion  since  its  deposition,  and 
because  the  drift-i>ebbles  are  in  part  comjwsed  of  the  trap. 

Other  outflows  of  similar  rock  have  occurred  at  other  localities  in  the 
Park  Range,  some  of  which  were  probably  contemporaneous  with  this 
one,  and  it  is  probable  also  that  this  one  was  produced  from  more  than 
one  vent.    The  only  vents  I  was  able  to  observe,  however,  was  one  in  the 
form  of  a  dike,  some  eighteen  miles  north  of  the  northeast  corner  of 
this  district,  and  another  at  "Chimney  Rock"  in  Egeria  Park,  in  the 
mountains  east  of  the  district.    This  dike  consistsof  a  vertical  wall  about 
twenty  feet  wide  and  three  or  four  miles  long.    The  rock  of  the  dikes  is 
wmilar  to  that  of  the  outspread  trap,  but  is  much  less  vesicular.     Indeed, 
it  was  not  often  that  any  vesicles  could  be  detected  by  the  unassisted  eye 
iu  tbe  rock  of  the  first-named  dike,  and  these  were  flattened  in  the  ver- 
tical plane  of  the  dike  itself.    It  seems  to  have  been  only  in  the  hori- 
zontal portion  of  the  outflow,  where  the  pressure  was  at  its  minimum,  that 
the  vesicular  character  of  the  rock  became  most  marked ;  and  in  some  of 
tbe  layers,  for  it  sometimes  has  an  indistinct  appearance  of  stratification, 
tie  vesicular  character  is  wanting. 
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DISPLACEMENTS. 

This  district  possesses  annsaal  geological  interest,  becaase  it  is  the 
ground  upon  which  displacements  of  the  strata  belonging  to  two  dififer- 
eut  orographic  systems,  those  of  the  Uinta  and  Park  Range  Moantains^ 
meet  and  blend  together.  The  district  is  so  smalK  however,  that  it  does 
not  embrace  within  its  limits  a  very  considerable  portion  of  either  of 
these  mountain  systems.  Some  of  the  minor  flexures,  or  the  vanishing 
ends  of  more  important  ones,  of  the  Park  Bange  system,  reach  within 
the  eastern  border  of  the  district ;  but  the  greater  part  of  the  displace- 
ments which  the  strata  of  the  district  h^ve  suffered  belong  to  the  tJinta 
system.  The  relation  of  these  displacements  to  the  Park  iiange  system 
are  not  clearly  perceivable  until  they  are  traced  beyond  the  eastern  and 
southern  limits  of  the  district  here  especially  reported  on ;  therefore 
the  accompanying  map  is  made  to  embrace  considerable  additional  space 
beyond  both  its  eastern  and  soathern  borders.  The  labors  of  the  other 
geologists  of  the  survey  have  made  known  the  orographic  character- 
istics of  that  portion  of  the  Park  Range  that  lies  to  the  eastward  and 
soutbeastward  of  this  district ;  while  those  of  Mr.  King  and  Professor 
Powell  have  made  us  ai'quainted  with  the  structure  of  the  Uinta  Range. 
The  main  displacements  of  these  two  systems  being  thus  known,  their 
relation  to  and  connection  with  each  other  and  with  accessory  flexuk-es 
within  this  district  may  be  easily  traced  upon  the  accompanying  geolog- 
ical map. 

The  general  plan  of  structure  of  the  Uinta  Uplift  has  been  shown  by 
Mr.  King  and  Professor  Powell  to  consist  essentially  of  one  great  flexure 
of  uplift,  the  axis  of  wbich  is  approximately  east  and  west.  Tbe  last- 
named  geologist  has  shown  that  this  great  Axial  Uplift  of  the  Uinta 
Mountain  system  is  distinctively  characterized  by  an  abrupt  flexure  of  the 
strata,  which  is  in  some  places  a  true  fault,  on  each  side  of  the  great 
fold,  and  that  between  the  two  abrupt  side  bendings  tbe  anticlinal  bend- 
ing of  the  strata  is  comparatively  slight.  This  peculiar  form  of  folding 
of  tbe  flexures  seems  to  be  generic,  so  to  speak,  to  the  Uinta  system, 
since  it  is  found  to  characterize  certain  of  the  principal  accessory  flexures 
as  well  as  the  Yampa  and  Junction  Mountain  uptbrusts,  as  will  be  ex- 
X)lained  in  connection  with  their  description  on  following  pages. 

Tbe  Uinta  system  ends,  as  a  mountain-range,  upon  and  about  mid- 
length  of  the  northern  border  of  tbis  district;  but  the  Axial  Flexure, 
abrui)tly  and  very  greatly  diminished  in  scope,  continues  eastward  from 
the  end  of  the  mountain-range  through  the  strata  of  the  eastern  portion 
of  the  district  and  blends  with  certain  flexures  of  the  Park  Range,  as 
will  be  explained  on  following  pages.  Tbe  accessory  or  subordinate 
flexures  or  uplifts  pertaining  to  tbe  Uinta  system,  that  lie  within  this 
district,  are  of  a  peculiar  and  interesting  character.  Tbe  larger  ones 
lie  approximately  parallel  with  and  closely  adjacent  to  the  Axial  Uplift, 
and  constitute  an  integral  portion  of  tbe  eastern  end  of  the  mountain- 
range;  but  tbe  outlying  smaller  flexures  are  not  only  separate  from  the 
flrst  named,  but  also  from  each  other.    Tbe  smaller  ones  diminish  in 
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scope  with  their  distaDce  from  the  main  axis,  and  diverge  or  sweep 
around  to  the  gontheastward  as  they  stretch  away  from  the  Uinta  Mount- 
ains. Although  there  is  a  greater  or  less  degree  of  divergence  of  these 
8ui>ordinate  axes  of  flexure,  they  have  neither  a  common  origin  nor  a 
common  radial  center  in  either  of  the  two  mountain  systems;  but  the 
X>osition  of  some  of  them,  at  least,  shows  equally  intimate  relations  with 
both.  There  are  within  this  district  three  of  these  subordinate  flex- 
ures or  uplifts  which  have  intimate  relations  with  the  Uinta  system,  and 
that  have  received  distinctive  names,  besides  two  iiecnliar  isolated 
mountain  upthriists,  all  of  which  will  be  described  separately  on  fol- 
lowing pages.  Those  are  the  Plateau,  Midland,  and  Baven  Park  Uplifts, 
and  Junction  and  Yampa  Mountain  upthrusts,  all  of  which  are  shown  in 
their  relative  i)ositions  in  the  sections  at  the  bottom  of  the  geological 
map  accompanying  this  report. 

UPLIFTS  AND    UPTHRUSTS.* 

The  Axial  Uplift, — ^This  term  is  applied  to  the  main  flexure  of  the 
Uinta  system.  The  general  course  of  the  axis  of  this  flexure  through  the 
northern  portion  of  this  district  is  eastward,  with  a  broad  curve,  the 
concavity  of  which  is  to  the  southward.  Its  course  is  plainly  indicated 
on  the  geological  map  by  the  outcrops  of  the  formations  that  border 
both  the  eastern  and  western  portions  of  Axial  Basin. 

Upon  reaching  the  eastern  borders  of  this  district  the  Axial  Flexure 
bends  quite  abruptly  to  the  southward,  and  is  lost  among  the  hills  that 
lie  to  the  eastward  of  Agency  Park,  which  are  a  part  of  the  fool-hills  of 
the  Park  Bange  of  mountains.  A  short  branch  of  the  Axial  Flexure  sep- 
arates from  the  main  portion  at  the  eastern  border  of  the  district,  and 
turns  abruptly  in  a  direction  a  little  west  of  northward,  passing  uear 
Canon  Park,  and  blends  with  the  general  uplift  of  strata  as  they  rise 
toward  the  foot-hills  of  the  Park  Bange,  north  of  Yampa  Biver. 

Judging  from  the  phenomena  now  presented  by  the  eastern  end  of 
the  Axial  Uplift,  it  seems  probable  that  at  least  tbe  portion  of  it  which 
lies  within  and  adjacent  to  this  district  was  at  first  a  simple,  approx- 
imately uniform,  upward  flexure;  and  that  while  a  part  of  it  remained 
as  originally  flexed,  those  portions  that  now  form  the  mountains  were 
more  or  less  sharply  uplifted  from  the  remainder,  the  added  displacement 
amounting  to  thousands  of  feet.  We  find  that  the  axis  of  the  main 
Uinta  uplift  is  prolonged  eastward  from  the  eastern  end  of  that  mount- 
ain range  as  a  comparatively  slight  flexure  of  Cretaceous  strata,  wbich 
blends  with  those  of  the  Park  Bange  foot-hills,  as  before  described,  and 
that  the  mountains  of  the  Uinta  system  are  composed  of  those  strata 
only  that  have  been  thus  sharply  uplitted,  although  tbe  latter  have  suf- 
ferred  immense  erosion  since  their  elevation.  Possibly  they  would  have 
suffered  still  greater  erosion  if  it  were  not  that  the  uplift  has  brought  up 
the  eomparatively  hard  Carboniferous  strata,  and  those  of  the  still  harder 
Weber  quartzite,  so  high  that  they  now  constitute  the  visible  portion 

uf  the  whole  mountain  range.    The  amount  of  displacement  embraced 

■  —  t  I,  •  ■ 

•  In  DBiDg  the  t«rms  **  uplift"  and  **  uptbrust,"  I  do  uot  thereby  iutend  to  express 
Any  opinion  as  to  the  actual  direction  of  movement  in  tbe  displacement  of  the  Htrata, 
whether  upward  or  downward.  The  terms,  especially  the  first,  will  bo  readily  under- 
stood, and  it  seems  more  convenient  for  the  reader  and  investigator  to  regard,  at  least 
tentatively,  the  lower,  which  is  the  larger  mass,  as  the  fixed  one;  and  the  higher, 
^Mch  are  relatively  the  smaller  masses,  as  those  that  have  been  uplifted.  The  term 
^^apthrost,"  so  far  as  I  am  aware,  has  not  been  used  before.  Its  applicability  will 
plamly  appear  in  the  foUowiug  descriptions  of  the  displacements  of  Junction  and 
lafflpa  Moontains. 
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by  tbis  separate  elevation  of  the  PalsBzoic  rocks  above  the  adjacent 
Oretaceons  strata  which  now  cover  the  less  uplifted  part  of  the  Axial 
Flexure  reached  from  7,000  to  8,000  feet,  and  the  displacement  was 
accomplished  partly  by  faulting  this  immense  thickness  of  strata  and 
partly  by  very  abrupt  flexure. 

The  eastern  end  of  the  mountain  portion  of  the  Axial  Uplift  termi- 
nates by  a  broad,  sweeping,  or  partiversal*  dip  of  the  strata,  which  dip 
is  abrupt,  much  like  tbat  of  the  sides  of  the  uplift.  That  part  of  the 
terminal  mountain  mass  of  the  main  range  which  lies  within  and  upon 
tbe  northern  boundary  of  this  district  consists  of  Carboniferous  strata, 
and  is  flanked  at  its  base  by  the  upturned  edges  of  the  Jura-Trias,  Da- 
kota, and  Colorado  groups  successively.  The  strata  of  tbe  Colorado 
Group,  however,  quickly  become  horizontal,  or  nearly  so,  and  occupy  the 
low  ground  around  the  mountain ;  but  they  are  there  partly  obscured  by 
tbe  strata  of  the  Uinta  Group.  A  very  large  part  of  the  mass  of  tbe 
Uinta  Mountain  Range  consists  of  the  Weber  quartzite,  which  great 
formation  is  probably  about  fifteen  thousand  feet  thick.  All  the  visible 
portion  of  the  Axial  Uplift,  however,  that  lies  within  this  district,  con- 
sists of  Carboniferous  strata  alone,  except  tbe  Weber  quartzite,  which 
is  exposed  in  Junction  and  Yampa  Mountains, presently  to  be  described: 
and  is  also,  perhaps,  very  slightly  exposed  at  the  point  where  Signal 
Shot  Creek  Caiion  opens  into  tbe  eastern  portion  of  Red  Rock  Basin. 

Junction  Mountain  Upthrtist — As  regards  their  structure  and  origin, 
Junction  and  Yampa  Mountains  are  most  remarkable  isolated  mountain 
masses,  both  having  essentially  the  same  structure,  and  doubtless  a 
simultaneous  origin.  Both  are  situated  upon  tbe  axis  of  the  Axial 
Flexure,  eastward  of  and  separate  from  the  main  mountain  masses  of 
tbe  Uinta  chain  and  from  each  other,  and  where  that  flexure  is  compara- 
tively  slight. 

Junction  Mountain  is  situated  three  or  four  miles  east  (ff  the  terminal 
mountain  mass  of  the  Uinta  chain,  between  which  two  mountains  Snake 
River  flows  to  its  confluence  with  tbe  Yampa.  Although  tbis  mountain 
is  so  near  tbe  other  mountains  of  tbe  Uinta  system,  and  is  so  evidently 
a  part  of  tbat  system,  it  is,  nevertheless,  entirely  isolated  in  its  struc- 
ture and  elevation  as  well  as  by  its  position.  It  consists  of  a  separate 
and  distinct  upthrust  of  the  Carboniferous  and  Weber  quartzite  strata 
through  those  of  Mesozoic  and  Cenozoic  age,  which  have  remained 
almost  undisturbed  in  tbe  immediate  neighborhood  by  that  separate 
and  remarkable  displacement.  The  manner  of  tbis  displacement,  which 
I  have  called  an  upthrust,  may  be  illustrated  by  the  action  of  a  largo 
punch,  worked  by  machinery,  for  perforating  heavy  iron  plates,  so 
clearly  defined  does  tbe  separation  appear  to  be  between  the  uplifted 
and  the  surrounding  strata.  Tbe  illnstration  will  doubtless  be  more  ac- 
curate if  we  imagine  tbe  punch  and  die  to  have  become  so  worn  by  use 
that  the  iron  plate  is  torn  in  places  and  nowhere  clearly  cut  in  the 
process  of  punching.  This  mountain  upthrust  is  oval  in  form,  the  long 
diameter  being  nearly  twelve  miles  and  the  short  one  about  four  miles. 
The  strata  about  midway  of  both  sides  are  nearly  or  quite  vertical, 
while  tbe  dip  at  the  noHhern  and  soutbern  ends,  although  steep,  is  much 
less  than  at  tbe  sides. 

Tbe  direction  of  the  long  diameter  is  northwestward  and  soutbeast- 

*A11  anticlinal  axes  nnist  necessarily  dip  more  or  less  iu  pome  portion  of  their  ex- 
tent; but  in  tbis  ref^ion  there  are  many  examples  of  very  short  and  rapidly-dipping 
anticliuals  around  the  vanishing  end  of  which  the  strata  dip  by  a  sweep  of  the  greater 
or  less  part  of  a  circle.  I  apiply  the  term  "  partiversal "  to  such  a  dip,  and  use  it  in  a 
sense  similar  to  that  iu  which  ''  quaquaversal ''  is  used  for  a  dip  iu  all  directioDB. 
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ward,  and  neither  this  diameter  nor  the  short  one  coincide  with  the  di« 
rection  of  the  axis  of  the  main  nplift.  Its  independence  of  the  great 
axis,  however,  is  not  without  some  analogy  in  that  of  the  Platean  Up- 
lift and  the  Yampa  Mountain  Upthrust,  for  the  main  axis  of  the  Uinta 
^stem  makes  a  broad  bend  to  the  northward  opposite  Yampa  Plateau, 
which  the  axis  of  the  Platean  Uplift  does  not  coincide  with ;  and  it  is 
the  short  axis  of  the  Yampa  Mountain  Upthrust,  and  not  the  long  one, 
that  coincides  approximately  with  the  general  direction  of  the  main 
Uinta  axis.  These  diverse  positions  of  tbe  axes  of  the  accessory  uplifts 
and  upthrusts  in  relation  to  the  main  axis,  as  well  as  the  separateness 
of  each  of  these  displacements,  seem  to  be  in  keeping  with  the  assumed 
superaddition  to  the  primary  Axial  Uplift,  as  has  been  before  sug- 
gested. 

Tbe  amount  of  the  relative  upward  displacement  of  the  strata  that 
now  constitute  Junction  Mountain  is  easily  computed  from  the  known 
thickness  of  the  intervening  groups  in  that  region.  For  example,  the 
top  of  the  Weber  quartzite,  as  seen  in  the  canon  which  Yumpa  River 
has  cut  through  Junction  Mountain,  has  been  raised  to  a  height  that  is 
about  equal  to  that  of  the  top  of  the  Colorado  Group,  as  it  now  exists 
in  immediate  proximity,  or  the  plane  that  its  top  would  now  occupy  there 
if  it  had  not  been  removed  by  erosion.  Therefore,  the  sum  of  the  thick- 
ness of  the  whole  of  the  Carboniferous,- the  Jura-Trias,  and  the  Dakota 
and  Colorado  groups  is  equal  to  the  entire  upward  displacement  of  the 
strata  that  now  constitute  Junction  Mountain,  because  all  these  groups 
of  strata  intervene  between  the  top  of  the  Uinta  sandstone  and  the  top 
of  the  Colorado  group.  The  amount  of  this  displacement  is,  therefore, 
not  less  than  8,000  feet,  as  will  be  seen  by  referring  to  the  thickness 
that  I  have  assigned  to  those  groups  in  Chapter  III.  Such  an  extraor- 
dinary displacement  as  this,  and  the  no  less  extraordinarily  small  limit 
within  which  it  has  been  confined,  seems  to  justify  the  use  of  the  term 
^'  upthrust,"  as  distinguishing  it  from  ordinary  uplifts. 

The  illustration  of  the  manner  of  this  upthrust  that  has  been  used, 
by  comparing  it  to  the  action  of  a  dull  punch  upon  a  plate  of  iron,  so 
that  the  sides  of  the  hole  would  be  somewhat  torn  in  places  instead  of 
being  everywhere  cleanly  cut,  is  appropriate,  from  the  fact  that  at  three 
or  four  places  upon  the  borders  of  the  upthrust,  and  near  or  at  the  base 
of  the  mountain,  there  are  portions  of  Triassic  strata  that  have  been 
separated  in  the  upward  movement,  but  have  been  dragged  up  and 
thrown  over  backward,  or  otherwise  tilted,  and,  as  it  were,  caught  in 
the  jaws  of  the  fault.  The  position  of  some  of  these  dragged  portions 
is  shown  upon  the  geological  map. 

The  illustration  of  the  action  of  a  dull  punch  that  has  just  been  used, 
is  still  further  applicable  to  the  broadly- rounded  surfaces  of  the  uplifted 
strata,  producing  a  gentle  quaquaversal  dip  from  the  center  to  near 
the  borders  of  the  upthrust,  where  the  dip  becomes  suddenly  greater, 
or  a  fault.  The  outline  of  the  upthrust,  as  before  remarked,  is  oval,  and 
tbe  faulting  seems  to  have  taken  place  only,  or  mainly,  at  the  sides.  At 
the  ends,  the  strata  appear  not  to  be  faulted,  but  only  strongly  flexed. 

Yampa  Mountain  Upthrust. — The  general  description  that  has  been 
given  of  Junction  Mountain,  as  to  its  origin  and  structure,  will  apply  in 
almost  every  particular  to  Yami)a  Mountain.  The  ainouut  of  displace- 
u)ent  which  its  stratii  have  sufl'ered  in  relation  to  those  that  immediately 
sarrouud  the  upthrust,  is  a  little  greater  than  that  of  Junction  Mount- 
^'U)  although  tbe  size  of  the  Yampa  Mountain  Upthrust  is  a  little 
fiujaller  than  tbe  other,  and  its  position  is  somewhat  remote  from  the 
other  mountain  uplifts  of  the  Uinta  Range.    This  mountain  upthrust  lies 
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aboat  sixteen  miles  eastward  from  that  of  Jauction  MoantaiD,  with  its 
loDg  diameter  upon  and  directly  across  the  low,  eastward  extension  of 
the  Arial  Flexure  6f  the  Uinta  Bange.  Its  long  diameter  has  a  direction 
A  few  degrees  west  of  southward,  and,  therefore,  it  does  not  correspond 
with  the  axes  of  any  of  the  other  aplifts  of  the  Uinta  system.  Upon 
casual  view  it  might  be  expected  that  the  long  diameters  of  both  these 
iipthrusts  would  be  found  to  correspond  with  the  axis  of  the  Uinta 
Bange,  or  at  least  that  they  would  corresiKHid  with  each  other,  since 
the  two  mountains  are  so  similar,  and  both  occur  on  the  same  axial 
flexure.  On  the  contrary,if  lines  drawn  through  the  long  diameter  of  each 
of  the  upthrusts  were  produced  southward,  they  would  meet  at  an  angle  of 
about  50^.  The  relative  position  of  the  long  diameters  of  these  upthrusts 
is  iu  keeping  with  the  curvature  of  the  Axial  Flexure  upon  which  they  are 
located,  as  it  sweeps  around*  from  the  Uinta  to  join  the  Paris  Bange 
system;  and  their  transverse  instead  of  longitudinal  position  upon  that 
flexure  is  probably  due  to  simultaneous  impingement  of  force  that  was 
exerted  from  both  the  adjacent  mountain  systems  while  the  upthrusts 
were  in  progress  as  superadditions  upon  the  original  flexure. 

The  strata  of  the  Colorado  Group  which  surround  Junction  Mountain 
are  much  obscured  by  the  overlying  drift  and  the  soft  strata  of  the  Uinta 
Group.  The  strata  of  the  Colorado  Group  also  closely  surround  Yampa 
Mountain,  and  are  also  largely  obscured  by  the  same  deiiosits  as  in  the 
other  case.      ^ 

The  escarpments  of  the  Fox  Hills  and  Laramie  groups  that  tK>rder 
both  sides  ot  the  long  Axial  Basin  reach  within  the  immediate  vicinity 
of  Yampa  Mountain ;  but  the  strata  of  the  escarpment  upon  the  south- 
ern side,  while  they  partake  of  the  general  axial  flexure,  do  not  seem  to 
have  been  especially  flexed  or  otherwise  disturbed  by  the  extraordinary 
movement  of  this  upthrust  except  at  its  immediate  borders.  Those  on 
the  northern  side,  however,  are  found  to  have  been  abruptly  flexed  to 
the  northward  by  the  less  abrupt  elevation  of  the  strata  composing  the 
northern  portion  of  the  npthrust.  The  character  of  these  two  upthrusts 
is  partially  illustrated  in  the  long  section  at  the  bottom  of  the  geological 
map  accompanying  this  report,  and  still  further  by  the  longitudinal 
section  of  Yampa  Mountain  upon  the  same  sheet. 

The  Plateau  Uplift, — The  long,  broad  mountain  mass  which  has  been 
designated  as  Yampa  Plateau  upon  the  accompanying  and  other  maps, 
is  not  strictly  parallel  with  the  axis  of  the  adjacent  portion  of  the  main 
uplift  of  the  Uinta  Bange^  yet  it  is,  in  an  important  sense,  a  parallel 
and  accessory  flexure.  It  is  not,  properly  speaking,  divergent  from  the 
main  axis  of  the  range,  but  by  its  northern  side  it  lies  closely  adjacent 
to,  really  parallel  with,  a  corresponding  portion  of  the  southern  side  of 
the  main  uplift,  with  which  it  in  part  coalesces;  and  yet  the  Plateau 
Uplift  is  quite  independent  in  its  termination  at  both  ends,  as  well  as 
nearly  or  quite  so  by  a  separate  s\  nclinal  flexure.  In  a  mere  topograph- 
ical sense.  Midland  Uplift  also  constitutes  a  part  of  Yampa  Plateau,  but 
for  geological  purposes  that  uplift  must  be  separately  considered.  In 
some  degree  Plateau  Uplift  is  an  epitome  of  the  great  Axial  Uplift,  for 
it  2lUo  consist^}  of  the  full  series  of  Carboniferous  strata  together  with 
a  central  mass  of  the  Weber  quartzite.  Its  manner  of  uplift  is  also 
similar,  for  it  rises  by  an  abrupt  flexure  of  the  strata  upon  either  side, 
the  flexure  of  the  strata  between  being  comparatively  slight.  This 
chanicter,  as  well  as  the  relations  of  the  Plateau  Uplift  to  its  associated 
displacements,  is  shown  in  one  of  the  sections  at  the  bottom  of  the  ac* 
compaiiying  map.  The  flattening  of  the  flexure  between  its  two  ab- 
ruptly-bent sides  gives  the  uplift  its  plateau-like  character,  which,  how- 
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ever,  is  preserved  in  only  a  part  of  it,  the  reroaiDcler  being  narrowed 
b.y  the  erosion  of  Fox  Greek  Valley,  and  in  part  modified  by  the  spar- 
like termination  of  both  ends. 

The  width  of  Plateaa  Uplift  varies  from  abont  five,  to  ten  miles ;  and 
its  extreme  length  as  a  mountain  elevation  is  about  forty-five  miles.  It 
is  widest  at  its  western  end,  where  it  terminates  by  two  great  spurs  or 
mountan  ridges,  namely.  Split  Mountain  and  Section  Kidge,  each  of 
which  has  a  westward-dipping  anticlinal  axis,  and  consequently  a  parti- 
versal*  dip  of  its  strata.  At  its  eastern  end,  however,  it  terminates  by 
only  one  dipping  anticlinal,  with  its  abrupt  partiversal  dip,  the  sweep 
of  which  is  broader  than  that  of  the  two  western  ones.  The  eastern 
end  of  the  Plateau  Uplift  extends  so  far  eastward  as  to  blend  with  the 
terminal  mountain  mass  of  the  axial  portion  of  the  Uinta  Range.  The 
intimate  connection  of  the  Plateau  Uplifr  with  that  of  the  main  Uinta 
axis  will  be  understood  by  the  statement  that  the  two  are  separated 
only  by  a  shaip  synclinal  axis,  which  is  in  part  a  fault.  The  maximum 
amount  of  this  displacement  is  fully  2,000  feet ;  but  in  some  places, 
nevertheless,  the  mountain  masses  of  the  two  uplifts  are  blended  to- 
gether topographically  Just  as  the  Midland  Uplift,  presently  to  be  de- 
scribed, is  in  part  blended  with  the  Plateau  Uplift.  The  mass  of  the 
latter  uplift  is,  however,  in  large  part  sepnrate4l  topogrsphically  from 
that  of  the  Axial  Uplift  by  the  deep  Ked  Bock  Basin,  described  on  a 
previous  page,  and  by  the  eastward  prolongation  of  that  basin  in  the 
form  of  a  mountain  valley.  The  two  great  spurs  which  project  from 
the  western  end  of  Yampa  Plateau,  with  their  rapidly -dipping  anti- 
clinal axes  and  the  regular  partiversal  dip  of  their  strata,  are  remark- 
able for  their  magnitude  as  well  as  for  their  inherent  peculiarities.  They 
are  really  great  mountain  masses^  their  summits  being  more  than  3,000 
feet  above  the  neighboring  portion  of  Green  River,  which  traverses 
Split  Mountain  by  a  profound  caiion,  as  has  been  described  on  a  pre- 
vious page  of  this  reiiort 

Ike  Midland  Uplift — The  amount  of  displacement  which  took  place 

in  the  elevation  of  this  uplift  is  nearly  5,000  feet  from  the  strata  of  the 

Colorado  Group  which  flauk  it  immediately  to  the  southward,  and  which 

^oiain  there  comparatively  undisturbed ;  and  yet  this  displacement  is 

^bout  3,(K)0  feet  less  than  that  of  Plateau  Uplift,  with  which  Midland 

^plift  lies  parallel  and  in  close  contact.    The  influence  of  the  latter  up- 

J^t  extended  still  farther  eastward ;  but  it  is  only  the  mountain  portion 

^hsLt  is  specially  discussed  under  this  head.    This  portion  constitutes 

j^e  topographical  feature  I  have  called  Midland  Kidge,  as  well  as  a 

.  ^rt  of  Yampa  Plateau,  with  which  it  is  continuous.    The  strata  exposed 

'f^  view  by  the  Midland  Uplift  are  almost  wholly  those  of  the  Jura-Trias 

^^-oups.    Those  strata  that  have  been  definitely  referred  to  the  Jurassic 

^riod,  as  well  as  those  of  the  Dakota  Group,  fiank  the  uplift  all  along 

t:s  southern  border ;  and  upon  the  highest  portion  of  the  Bidge  there  is 

•^Iso  a  small  area  that  is  capped  by  these  strata.    The  red  beds  of  the 

QrA-Trias  have  been  much  exposed  by  erosion  in  a  very  large  part  of 

^e  Sidge,  their  bright  colors  and  great  elevation  above  the  surround- 

^^  coontry  making  very  conspicuous  and  striking  features  of  the  land- 

^.;a.l>^     ^he  mountain  portion  of  Midland  Uplift,  the  eastern  part  of 

^liicb  1  have  called  Midland  Ridge,  does  not  extend  so  far  eastward 

^^  t^be  mountain  masses  of  the  plateau  and  great  axial  uplifts  do ;  but 

~  .«  a  flexure.  Midland  Uplift  extends  much  farther  eastward.    Its  axis 

-  '^so  makes  a  bend  to  the  southward  in  the  course  of  its  eastward  exten- 

2  oD,  somewhat  like  that  of  the  eastward  extension  of  the  Axial  Uplift } 

*  See  foot-note  on  page  42. 
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and,  passing  throagh  the  soatherD  end  of  Pifion  Bidge,  it  crosaes  White 
Kiver  and  qaickly  disappears  by  a  partiversal  dip  of  the  strata  of  the 
Laramie  and  Wasatch  groups.  The  extent  of  the  displacement  of 
this  eastern  portion  of  Midland  Uplift  is  mach  less  than  that  of  the 
western  portion,  and  has  brought  to  view  no  strata  beneath  those  of  the 
Cretaceous  groups.  . 

Midland  Uplift  consists  essentially  of  a  monoclinal  flexure,  with  the 
rise  upon  the  northern  side.  The  flexure  is  quite  as  distinctly  monocli- 
nal in  the  less  displaced  eastern  portion  as  it  is  in  the  western  part,  where 
the  northern  side  of  this  uplift  is  in  contact  with  the  southern  side  of 
Plateau  Uplift.  The  facts  observed  seem  to  warrant  the  conclusion  that 
all  the  flexures  of  the  strata  which  pertain  to  the  Uinta  system  within 
and  adjacent  to  this  district  were  simultaneous  in  their  origin,  and  that 
the  movement  of  elevation  of  these  folds  proceeded  simultaneously  up 
to  a  certain  stage  and  then  halted  in  their  common  upward  movement. 
Also  that  the  special  elevation  of  the  mountain  masses,  which  occupy 
either  the  whole  or  the  principal  part  of  each  of  the  original  folds,  then 
took  place  as  sharply-defined  superadditions  to  their  initial  elevation, 
which  culminated  in  the  Uinta  Mountain  system.  It  is  also  evident 
(assuming  for  purposes  of  description  the  actual  uplift  of  these  folds) 
that  certain  of  the  specially-elevated  accessory  uplifts  halted  in  their 
upward  movement,  while  that  of  the  adjacent  larger  or  principal  ones 
continued.  This  view  is  sup]K)rted  by  the  fact  that  all  along  the  flex- 
ure which  divides  Midland  Uplift  from  that  of  Tampa  Plateau  the 
strata  of  the  former  are  sharply  flexed  i>p  against  the  latter,  presenting 
the  appearance  of  having  been  dragged  by  the  superadded  upward 
movement  of  the  Pateau  uplift. 

Midland  Uplift  terminates  at  its  western  end  by  narrowing  rapidly  to 
a  point  against  the  southern  side  of  Section  Eidge,  so  that  the  Creta- 
ceous strata,  which  are  flexed  up  against  its  own  south  side,  are  con- 
tinued in  like  manner  \i^ithout  interruption  or  material  change  in  dip 
along  the  south  side  of  Section  Eidge  and  around  its  western  end,  as 
will  be  further  explained  under  the  head  of  flexures. 

Earen  Park  Uplift. — ^Tlie  middle  of  this  uplift  is  some  eight  or  ten  miles 
south  of  the  southern  border  of  Midland  Uplift.  It  is  thus  not  only  iso- 
lated from  all  those  that  have  been  before  considered,  but  its  elevation 
has  involved  a  much  less  amount  of  displacement  of  the  strata  of  the 
region  than  that  of  any  of  the  others,  the  lowest  stratA  that  have  been 
brought  to  the  surface  upon  its  axis  being  those  of  the  Colorado  Group. 
In  this  respect  it  resembles  the  less  elevated  eastern  portion  of  both  the 
Axial  and  Midland  Uplifts,  but  it  is  free  from  any  superadded  uplift  or 
upthrust,  such  as  has  taken  place  upon  those  primary  uplifts.  By  this 
characteristic,  as  well  as  by  its  local  separation  and  slight  relative  ele- 
vation, it  is  distinct  from  the  Uinta  Mountain  masses,  bi^  it  is  never- 
theless an  outlying  fold  belonging  to  that  system  of  uplifts. 

Eaven  Park  Uplift  is  a  very  short  one,  not  more  than  twenty-five  or 
thirty  miles  long,  its  eastern  and  western  extent  being  scarcely  so  great  as 
that  of  Midland  Uplift,  from  which  Eaven  Park  Uplift  lies  immediately 
southward.  Its  longer  axis,  however,  is  not  parallel  with  that  of  those 
portions  of  the  three  uplifts  that  lie  directly  north  of  this  uplift,  but  its 
direction  is  northwestward  and  southeastward;  in  this  respect  conforming 
in  general  direction  with  the  southerly  sweep  of  the  eastern  end  of  both 
Axial  and  Midland  Uplifts.  The  significance  of  this  change  in  the  direc- 
tion of  these  axes  from  that  of  the  general  trend  of  the  Uinta  Chain  is 
doubtless  to  be  sought  in  the  fact  of  their  approaching  relation  to  the 
uplifts  and  flexures  of  the  Park  Eange  system.   The  flexure  of  the  southern 
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Bide  of  this  uplift,  which  I  have  called  the  Baven  Bidge  Flexnre,  is  mach 
*  more  abrapt  than  that  of  the  northern  side.  This  is  also  a  peculiarity 
of  the  eastern  prolongation  of  the  Midland  Uplift,' the  southern  flexnre 
of  which  is  a  part  of  the  Great  Midland  Flexnre,  and  also  of  the  western 
portion  of  the  Dauforth  Hills  Uplift,  presently  to  be  described.  In  short, 
it  is  a  common  pecnliarity  of  the  flexures  that  are  embraced  within  the 
sweep  of  the  eastward  extension  of  the  Axial  Uplift,  as  it  extends  from 
the  Unita  system  to  join  with  the  Park  Range  system;  but  it  is  not  a 
pecnliarity  of  the  Axial  Uplift  itself,  which  has  a  nearly  uniform  curva- 
ture or  flexure  from  side  to  side.  The  significance  of  the  greater  abrupt- 
ness of  the  dip  upon  the  southern  side  of  these  secondary  uplifts  is,  no 
doubt,  to  be  sought  in  the  forces  which  have  aeted  laterally  as  well  as 
vertically  in  the  elevation  of  the  two  great  ranges  of  mountains,  at  least 
within  the  angle  formed  between  the  two  within  this  district. 

The  dip  of  the  strata  is  in  all  directions  from  the  middle  of  Raven 
Park,  but  it  varies  much  in  degree  in  dififerent  directions.    It  is  very 
slight  to  the  northward  and  westward,  not  reaching  so  much  as  10  de- 
grees, while  in  the  Raven  Ridge  Flexure,  at  the  south  side  of  Raven 
Park,  the  dip  is  as  much  as  GO  degrees,  from  which  point  it  diminishes 
both  eastward  and  westward,  until  the  uplift,  as  such,  finally  disappears. 
The  Danfarth  Hills  Uplift — Eastward  from  the  eastern  end  of  the 
Plateau  and  Midland  uplilts,  and  between  them  and  the  displacements 
that  are  more  properly  referable  to  the  Park  Range  system,  th6re  is  a 
broad,  irregular  synclinal,  which  is  occupied  by  the  strata  of  the  Wa- 
satch and  Green  River  groups,  of  Tertiary  age.    The  depth  and  impor- 
tance of  this  synclinal  is  shown  in  one  of  the  sections  at  the  bottom  of 
the  accompanying  geological  map.    Its  importance  still  further  afipears 
by  the  fact  that  the  dififcrence  of  displacement  between  the  top  of  the 
Green  River  strata  which  rest  upon  it  and  that  of  the  Oarboniferous 
strata  that  are  exposed  in  the  uplifts  and  upthrusts  that  have  been  de- 
scribed, the  latter  of  which  are  less  than  half  a  dozen  miles  from  its 
borders,  is  more  than  10,000  feet.    This  great  synclinal  is  partly  sur- 
rounded by  an  outcrop  of  the  strata  of  the  Fox  Uills  and  Laramie 
gioups,  which  are  upturned  by  the  Midland  Flexure  as  it  traverses  by 
a  tortuous  course  almost  the  entire  length  of  the  district.    Adjoining 
the  northern  side  of  this  broad  synclinal  is  the  Dantorth  Hills  Uplift, 
which,  although  a  comparatively  slight  one,  derives  peculiar  interest 
from  the  fact  that  it  is  so  intimately  connected  with  the  displacements 
of  both  the  neighboring  mountain  systems  that  it  cannot  be  exclu- 
sively referred  to  either.    The  displacement  of  strata  involved  in  this 
Qplift  upon  its  northern,  or  rather  northeastern,  side  is  comparatively 
^iight,  because  they  connect  by  a  very  gentle  synclinal  with  those  that 
^ave  been  still  more  elevated  by  the  Axial  Uplift,  and  the  general  rise 
Of  all  the  strata  of  the  district  toward  the  foot-hills  of  the  Park  Range. 
^he  displacement  at  the  southern  side  of  this  uplift,  however,  is  very 
%>eat,  the  drop  of  the  Midland  Flexure  there  being  not  only  very  ab- 
^Upt,  bat  it  amounts  to  more  than  3,000  feet. 

The  Danforth  Hills  Uplift  is  bounded  on  its  southeastern  side  by  the 
'V^idlaud  Flexure,  its  other  boundary  being  a  gentle  synclinal  that  ex- 
^^ncls  eastward  from  the  point  of  junction  of  the  Midland  Flexure  with 
-^at  of  the  Great  Hogback,  in  Hogback  Valley,  and  sweeps  around,  but 
^*itbiii,  the  entire  eastern  end  of  the  Danforth  Hills,  and  thence  north- 
estward  along  their  northern  slope,  fadingout  in  the  vicinity  of  Yampa 
oantaiu,  where  the  uplift  as  a  separate  displacement  also  disappears. 
Sundry  uplijts. — Besides  the  uplifts  that  have  been  specially  described 
preceding  pages,  certain  portions  of  others  reach  within  the  boun* 
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claries  of  this  district.  Among  these  is  the  northern  extremity  of  the 
Oreat  Elk  Monntain  Uplifty  the  principal  part  of  which  has  been  so  ably 
described  and  illustrated  by  Mr.  W.  H.  Holmes  in  his  report  for  1874. 
Alt&oQgh  the  principal  mass  of  that  uplift  is  more  than  a  hnndreil  miles 
distant  to  the  southward^  its  northern  vanishing  end  is  in  the  bluffs  that 
form  the  northern  border  of  Agency  Park,  where  it  is  separated  from 
the  southeastern  end  of  the  Danforth  Hills  (Tplift  ouly  by  the  gentle 
synclinal  that  has  been  before  mentioned  as  a  part  of  the  boundary  of 
the  latter  uplift.  The  connection  of  Elk  Mountain  Uplift  will  be  further 
referred  to  under  the  head  of  *'  Flexures.'' 

Two  or  three  very  faint  uplifts^  or  undulations  of  the  strata,  cross 
Oreen  Biver  from  the  southeastern  part  of  this  district.  These  are 
doubtless  the  result  of  the  same  force  that  elevated  the  Uinta  Mountain 
system,  as  it  diminished  in  intensity  with  the  distance  from  the  great  axis. 

Besides  the  uplifts  the  boundaries  of  which  may  be  defined,  there  is 
a  general  uprisiug  of  all  the  strata,  to  the  eastwani,  against  the  western 
flank  of  the  Park  Range  system.  It  is  upon  this  broad,  gently -inclined 
plane  of  strata  that  a  portion  of  the  minor  uplifts  alreany  described  are 
defined.  Even  the  eastern  termination  of  the  great  Axial  Uplift  of  the 
Uinta  system  extends  upon  this  elevated  inclined  plane  of  strata  which 
has  been  lifted  as  a  part  of  the  Park  Range  system. 

•  FLEXURES. 

An  uplifting,  of  course,  always  implies  the  flexing  of  the  strata  np- 
lifte<l ;  but  in  this  district  the  conditions  of  displacement  and  subsequent ' 
erosion  of  the  strata  have  been  such  as  to  make  it  desirable  to  give  separate 
names  and  descriptions  tocertain  flexures.  For  example,  the  principal  up- 
lifts that  pertain  to  the  Uinta  system,  namely,  the  mountain  portion  of  the 
great  Axial  Uplift,  including  the  two  upthrusts,  and  the  Plateau  Uplift, 
do  not,  like  some  others,  consist  of  a  nearly  unitbrm  convex  flexure,  but 
of  two  more  or  less  abrupt  lateral  flexures,  one  at  each  side,  with  a  com- 
paratively slight  convexity  l)etween  them.  Others,  and  this  applies  to 
all  others  in  this  district  except  the  eastern  extension  of  Axial  Uplift, 
which  consists  of  a  gentle,  uniform,  upward  flexure,  have  one  side  very 
much  more  abruptly  flexed  than  the  other.  This  difterence  is  so  great 
in  some  cases  as  to  give  almost  a  true  monoclinal  character  to  the  flexure 
of  the  whole  uplift.  In  all  causes  of  this  kind  in  this  district  the  steef>er 
dip  is  on  the  southern,  southwestern,  or  western  side  of  the  uplift,  ac- 
cording to  its  position  ;  or,  in  other  words,  upon  the  inner  side  of  the 
great  curve  which  those  displacements  form  as  they  reach  from  one 
mountain  system  toward  the  other.  It  is  these  steeper  flexures  to  which 
I  have  given  distinctive  names,  and  which  are  briefly  described  in  the 
following  paragraphs. 

TJie  Orand  Hogback  Flexure. — The  Fox  Hills  strata,  that  flank  the  west 
side  of  Elk  Mountain,  Mr.  Holmes  has  shown,  extends  northward  as  a 
continuous  hogback,  which  he  has  called  the  Grand  Hogback,  a  hundred 
miles  or  more,  it  being  the  same  one  that  crosses  White  River  and  sepa- 
rates Agency,  from  Powell's  park.  The  flexure  by  which  that  great  line 
of  hogbacks  has  been  produced  I  have  called  the  Grand  Hogback  Flexure. 
It  belongs,  of  course,  to  the  Park  Range  system ;  but,  alter  crossing 
White  River  Valley,  which  it  does  in  an  almost  due  north  and  south  line, 
it  becomes  coutinuous  with  the  great  Midland  Flexure,  which  extends  in 
a  tortuous  course  through  this  district  and  blends  with  the  principal 
Uinta  displacements.  The  latter  flexure  is,  then,  as  much  an  integral 
part  of  the  Uinta  system  as  the  former  is  of  the  Park  Range  system. 
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Althoagfa  the  Oreat  Hogback  and  Midland  flexares  are  practically  one 
and  the  same,  their  separate  lines  of  hogbacks  approach  each  other  at 
an  obtase  angle  aboat  eight  miles  north  of  White  Biver,  at  the  east  side 
of  Hogback  Valley.  Here  the  continuity  of  the  two  great  flexures  is 
unbroken,  but  at  the  point  of  meeting  of  the  upturned  strata  of  the  hog- 
back lines  there  branches  off  the  shallow  synclinal  axis  which  sweeps 
aronnd  the  southeastern  end  of  the  Danforth  Hills  Uplift,  and  thence 
extends  along  its  southern  side. 

The  Grand  Hogback  Flexure  is  nearly  a  true  monoclinal  one.    The 

strata  that  lie  to  the  eastward  of  it  dip  gently  to  the  westward  from 

the  foot-hills  of  the  Park  Range  to  the  flexure  proper,  where  they  have  a 

maximum  dip  of  nearly  or  quite  75  degrees,  and  then  immediately  stretch 

cat  nearly  horizontally.    The  strata  originally  involved  in  this  flexure, 

as  they  now  appear  at  the  surface,  are  those  of  the  Colorado  Group  to 

« the  Green  Group,  inclusive,  the  maximum  dip  now  appearing  in  the 

comparatively  soft  strata  of  the  Wasatch  Group.    Subsequent  erosion 

has  so  far  removed  i>ortions  of  these  strata  that  only  those  of  the  Green 

Biver  and  Wasatch  groups  now  occupy  the  surface  west  of  the  line  of 

maximum  flexure.     Those  of  the  former  group,  that  now  remain,  arci 

nearly  horizontal,  and  have  evidently  been  little  if  any  affected  by  that 

great  flexure,  although  it  is  so  near  their  present  escarpments. 

The  Midland  Flexure. — This  flexure  is,  in  some  respects,  the  most  in- 
tmsting  displacement  of  strata  within  the  limits  of  this  district,  espe- 
cially as  regards  its  great  length  and  unbroken  continuity  from  one 
moQDtain  system  to  the  other.  It  is  continuous  with,  and  in  fact  a  part 
of  the  Great  Hogback  Flexure,  which,  as  before  shown,  is  so  intimately 
connected  with  the  Elk  Mountain  Uplift.  From  the  point  of  its  nominal 
connection  with  that  flexure  in  Hogback  Valley,  Midland  Flexure  ex- 
t^ds  in  a  tortuous  course  through  the  whole  remaining  length  of  the  dis- 
trict to  the  flank  of  the  principal  uplift  of  the  Uinta  Range,  with  the 
lateral  flexure  of  which  it  blends  and  becomes  continuous  fiir  beyond 
the  western  boundary  of  this  district.  The  course  of  Midland  Flexure 
is  northwestward  about  twenty  miles  up  Hogback  Valley;  thence  due 
^est  nearly  ten  miles;  thence  almost  directly  south  nearly  flfteen  miles 
to  the  southern  end  of  Piiion  Ridge,  around  which  it  bends  abruptly ; 
thence  in  a  straight  direction,  15^  north  of  west,  about  fifty  miles.  At 
^M&nt  about  midway  of  the  latter  distance  it  coalesces  with  the  flexure 
«  Iks  ■OSth  sUb  of  Midland  Uplift,  with  which  it  is  in  fact  a  part,  all 
ttt  w^f  wwkward  from  the  southern  end  of  Piiion  Ridge.  From  the 
hak  of  MkU— d  Uplift,  Midland  Flexure  is  continuous  to  and  along  the 
iMih  ftuA  Bf  Seetion  Ridge,  where  it  blends  with  and  becomes  a  part 
tf  tbeFSoKOiMik  Flexure;  thence  around  the  western  end  of  Section 
Bidge,  Into  tiMntreating  angle  formed  by  the  dipping  synclinal  between 
Section  Ridge  and  Split  Mountain.  From  here  it  sweeps  around  the  end 
of  Split  Mountain  as  it  did  around  that  of  Section  Ridge,  and  into  a  simi- 
lar bat  much  broader  retreating  angle  or  notch,  at  the  apex  of  which  is 
Idaod  Park;  thence  by  an  abrupt  bend  to  the  westward,  along  the 
fiank  of  the  main  uplift  of  the  Uinta  Range,  and  far  beyond  the  limits 
of  this  district.  It  is  thus  shown  that  this  remarkable  flexure,  regard- 
ing both  the  Great  Hogback  and  Midland  flexures  as  really  one,  can  be 
traced  continuously  from  the  west  flank  of  Elk  Mountain  Uplift  to  the 
South  flank  of  the  main  Uinta  Uplift,  a  distance  of  more  than  two  hun- 
drifd  miles.  Throughout  the  greater  part  of  this  distance  a  large  propor- 
tion of  the  strata  that  are  involved  in  this  flexure  are  exposed  in  long 
lines  of  hogbacks,  which  constitute  more  or  less  conspicuous  topograph- 
ical features.    The  dip  of  the  strata,  in  all  the  long  reaches  of  this  flex- 
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are,  is  away  from  the  axes  of  the  two  Dioantain-raoges,  respeotively, 
which  the  tlexare  connects ;  for  its  position  there  is  apon  the  distal  Ride 
of  each  of  the  uplifts  which  it  saccessively  flanks.  In  all  these  places 
the  dip  is  very  abrupt,  bat  it  is  mach  less  in  all  the  partiversal  sweeps 
aroand  the  end  of  the  dipping  anticlinals  and  in  the  sag  of  the  dipping 
synclinals  than  elsewhere.  The  continuity  of  the  narrow  outcrop  of  the 
strata  of  the  Dakota  and  Jurassic  groups  around  the  end  of  the  mount- 
ain portion  of  Axial,  Plateau  and  Midland  uplifts  would,  at  first  sight, 
appear  to  indicate  a  separate  flexure  there;  but  this  apparently  continu- 
ous outcrop  belongs  in  fact  to  the  three  different  displacements  just 
named,  and  portions  of  it  are  continuous  respectively  with  the  Yampa, 
Fox  Greek,  and  Midland  flexures.  The  character  of  the  latter  flexure, 
as  well  as  the  strata  involved  in  it  at  various  points,  is  shown  in  the 
sections  at  the  bottom  of  the  accompanying  geological  map. 

The  Fox  Creek  Flexure. — From  the  point  where  this  flexure  blends  < 
with  Midland  Flexure  at  the  south  side  of  Section  Bidge,  it  paases  east- 
ward in  a  gently  sinuous  direction,  forming  the  dividing  displacement 
between  Midland  and  Plateau  uplifts.  Then,  sweeping  around  the  east- 
ern end  of  the  latter  uplift,  it  ends  against  the  Yampa  Flexure^  which 
in  turn  sweeps  around  the  eastern  end  of  the  terminal  mountain-mass 
of  the  Great  Axial  Uplift. 

Fox  Greek  Flexure  is  a  very  abrupt  one,  the  maximum  dip  being  nearly 
vertical,  and  it  embraces  a  maximum  displacement  of  about  3,000  feet. 
The  strata  involved  in  it,  which  appear  at  the  surface,  are  those  of  the 
Jura-Trias  and  Garboniferous.  Its  general  character  is  shown  in  the 
sections  at  the  bottom  of  the  accompanying  geological  map.  A  marked 
peculiarity  of  the  flexure  is  the  apparent  dragging  of  its  strata  against 
the  side  of  the  Plateau  Uplift,  which  has  before  l^n  mentioned. 

The  Yampa  Flexure. — From  its  sweep  around  the  terminal  mountain- 
mass  of  the  Axial  Uplift  this  flexure  extends  westward,  and  constitutes 
the  dividing  displacement  between  the  Plateau  and  Axial  uplifts.  Its 
general  direction  is  approximately  parallel  with  that  of  the  Midland 
Flexure,  except  that  toward  its  western  end  it  bends  away  to  the  north- 
westward. It  ends  abruptly,  at  least  in  part,  against  a  great  north  and 
south  fault  at  the  western  end  of  Bed  Bock  Basin,  the  western  wall  of 
which  fault  also  constitutes  the  end  of  the  basin. 

The  flexures  that  have  been  herein  described  are  all  nearly  true 
mouoelinal  flexures,  at  least  in  their  more  abrupt  and  characteristic 
portions.  But  Yampa  Flexure  is  different  in  this  respect,  since  it  forms 
an  abrupt  synclinal  with  the  almost  immediate  rise  of  the  strata  which 
form  the  southern  side  of  the  great  Uinta  Uplift.  This  flexure  itself 
has  a  nearly  true  mouoelinal  character,  similar  to  that  of  the  Fox  Greek 
Flexure  at  the  other  side  of  the  Plateau  Uplift.  Gontrary  to  the  general 
rule,  however,  in  the  case  of  the  secondary  uplifts,  Plateau  Uplift  has 
its  strata  sharply  flexed  upon  both  sides,  instead  of  one  only,  the  distal 
side.  In  this  respect  Plateau  Uplift  possesses  a  peculiarity  that  has  been 
shown  to  characterize  the  main  uplift  of  the  Uinta  Mountain  system  as 
well  »s  some  of  its  accessory  uplifts. 

Within  the  southern  border  of  Bed  Bock  Basin,  and  some  five  or  six 
miles  from  its  western  end,  Yampa  flexure  divides  into  two  branches, 
both  of  which  are  mouoelinal,  the  northernmost  or  lower  one  having  400 
or  500  feet  greai^r  displacement  than  the  other.  The  aggregate  dis- 
placement of  strata  at  the  western  end  of  the  flexure  is  not  far  from 
3,000  feet,  which  amount  gradually  lessens  to  the  eastward,  where  also 
the  synclinal  becomes  narrower  and  shallower.  Gircnmstances  did  not 
permit  a  careful  examination  of  the  mountain-mass  at  the  western  end 
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of  Bed  Bock  Basin ;  bat  indications  were  observed  that  at  least  the 
npi>er  or  soathem  branch  of  the  fiexnre  jast  referred  to  passes  through 
the  mass  to  the  northwestward. 

The  Baven  Bulge  Flexure. — ^This  flexore  forms  the  southern  and  steeper 
side  of  Baven  Park  Uplift  It  has  already  been  mentioned  as  having  a 
dip  of  about  60Q  opposite  the  middle  of  Baven  Park,  which  dip  rapidly 
diminishes  as  the  Uplift;  fades  out  both  eastward  and  westward.  Oppo- 
site Baven  Park  the  strata  of  the  Fox  Hills,  Laramie  and  Wasatch 
groups  are  involved,  the  former  constituting  that  part  of  Baven  Bidge 
and  the  latter  passing  under  the  nearly  horizontal  strata  of  the  Green 
Biver  Group,  by  a  monoclinal  flexure.  Although  the  flexure  itself  dimin- 
ishes very  rapidly  to  the  northwestward,  Baven  Bidge  itself  is  con- 
tinued much  &rther  in  that  direction,  where  it  is  successively  made  up 
of  the  strata  of  the  Fox  Hills,  Laramie,  Wasatch,  and  Green  Biver 
groups;  those  of  the  first  two  groups  leaving  the  ridge  successively  bb 
they  spread  out  to  the  northeastward  of  the  ridge. 

CONCLUDING  BEMABKS. 

The  facts  observed  in,  and  in  the  neighborhood  of,  this  district  show 
conclusively  that,  although  the  Uinta  and  Park  ranges  of  mountains 
have  their  axes  at  right  angles,  and  are  also  separated  by  a  consider- 
able space  of  country,  the  two  mountain  systems  are  intimately  con- 
nected by  continuous  and  interplicated  displacements.  These  facts,  to- 
gether with  the  further  one  that  there  are  no  displacements  between  the 
two  systems  that  can  in  any  way  be  regarded  as  breaking  their  connec- 
tion, seem  to  suggest  the  approximately  simultaneous  elevation  of  both 
systems.  This  idea  is  further  strengthened  by  the  fsuct  that  a  mountain 
axis  may  be  traced,  at  least  indistinctly,  from  the  main  range  of  the 
Bocky  Mountains,  northwestwardly  through  the  Park  Bange,  describing 
a  curve,  which,  if  produced,  would  point  in  the  direction  of  the  axis  of 
the  Uinta  Bange. 

It  has  already  been  suggested  that  the  various  movements  of  dis- 
placement in  the  Uinta  system  were  not  uniform  in  their  rate  of  prog- 
ress, and  only  in  part  simultaneous.  It  should,  therefore,  not  be  ex- 
pectied  that  thedetails  of -elevation  of  the  two  systems  were  all  simultane- 
ous with  each  other.  It  is  nevertheless  probable  that  the  whole  Bocky 
Mountain  system,  including  the  Park  Bange,  as  we  find  it  developed  in 
Colorado,  and  the  Uinta  system,  have  had  essentially  a  common  phys- 
ical history;  although  each  system  presents  some  chajracteristics  pecu- 
liarly its  own,  or  at  least  different  from  the  other. 


CHAPTER  V. 


SUEPAOB  (lEOLOGT. 

BEULTION  OF  THE  VALLEYS  TO  GEOLOGIOAL  STBUOTUBE  AND  DIS- 
PLACEMENTS OF  STBATA. 

Except  in  sach  rare  instances  as  that  of  astream  having  its  coarse  upon 
or  near  a  synclinal  axis,  nothing  is  more  evident  than  that,  as  a  rale,  all 
streams  have  been  the  instrament  by  which  their  own  valleys  were  exca- 
vated ;  and,  even  in  the  doabtful  case^  referred  to,  it  is  probable  that  an 
examination  of  other  portions  of  the  same  valley  would  show  a  confirm- 
ation of,  rather  than  an  exception  to,  the  general  rule.  This  proposition 
accepted,  leaves  other  questions  of  a  remarkable  character,  which  are 
unexplainable  upon  any  except  geological  grounds.  For  example,  in  the 
Bocky  Mountain  region  we  not  only  often  see  a  river  traversing  an  ele- 
vated district,  cutting  its  course  by  a  deep  caHon  in  the  underlying  rock, 
while  the  land-surface  is  much  lower  not  many  miles  distant  than  that 
which  the  cafion  traverses,  but  we  have  examples  of  rivers  cutting 
directly  through  a  mountain  uplift,  and  at  right  angles  with  its  axis* 
Furthermore,  cases  of  this  kind  occur  in  which  the  mountain  uplift  is  not 
only  a  high  one,  composed  of  much  harder  rock  than  that  of  any  of  the 
surrounding  strata,  but  the  softness  of  the  latter  and  the  slight  elevation 
of  the  surface  they  occupy  seem  to  offer  an  especially  favorable  opportu- 
nity for  the  river  to  pursue  its  course  around,  rather  than  through,  the 
mountain  uplift.  In  fact,  nothing  is  more  apparent  in  the  Bocky  Mount- 
ain region  than  that  the  courses  of  the  rivers  are  independent  of  the  flex- 
ures which  the  strata  have  suffered  over  which  they  flow,  and  that  their 
courses  are  also  independent  of  the  present  character  of  the  surface. 

The  only  explanation  I  am  able  to  give  for  this  condition  of  things, 
or  the  one  presenting  the  fewest  objections,  is,  that  the  streams  were 
established  where  the  conditions  of  the  surface  then  favored  the  course 
which  they  pursued,  and  before  the  strata  were  flexed  to  any  considera- 
ble extent;  that  all  the  important  displacements  of  strata,  including 
the  mountain  uplifts,  have  taken  place  since  the  streams  began  to 
excavate  their  valleys.  Therefore  the  movements  of  these  displace- 
ments must  necessarily  have  been  exceedingly  slow ;  never  more  rapid 
than  was  the  deepening  of  the  channeln  of  the  rivers  by  the  ordinary 
erosive  action  of  their  flowing  waters,  or,  if  so,  the  elevation  was  not 
enough  to  produce  a  permanent  damming  of  their  waters,  or  a  material 
deflection  of  the  course  of  the  stream.  When  the  streams  were  first 
established,  they  must,  of  course,  have  found  their  way  to  the  sea  over 
the  then  less  elevated  portions  of  the  surface ;  but  during  the  ages  that 
have  since  passed,  the  continent  has  continued  its  elevation  ;  the  strata 
have  been  variously  displaced,  in  some  cases  producing  great  mountain 
flexures.  Added  to  all  this,  the  subaerial  denudation  has  been  so  great 
that  doubtless  no  trace  of  the  surface  upon  which  the  rivers  were  orig- 
inally formed  now  remains.  Indeed,  it  is  known  that,  although  the 
channels  of  at  least  some  of  the  rivers  of  the  Rocky  Mountain  region 
occupy  a  somewhat  greater  actual  height  above  the  level  of  the  sea 

52 


WHTTEJ  SURFACE   GEOLOGT — ^VALLEYS.  53 

thao  tbey  did  when  they  were  first  established,  they  have  cut  their  way 
throagh  tnaDy  thoasand  feet  iu  thickness  of  strata  which  were  origiually 
beueath  their  beds,  and  which  have  been  brought  np  from  below  against 
the  wearing  action  of  the  constantly-flowing  stream. 

Not  only  have  the  valleys  been  thus  carved  oat  by  the  flow  of  the 
perennial  streams,  bat  their  minor  or  tributary  drainage-channels; 
mostly  those  having  only  a  periodical  flow  of  water,  have  carried  away 
from  the  surface  such  an  immense  bulk  of  material,  that  great  moun- 
tain masses  now  remain  in  many  places  that  are  only  shreds  of  the  for- 
mations that  were  once  spread  continuously  over  the  region.  This 
tributary  drainage  has  produced  what  are  now  tho  most  conspicuous 
topographical  features  of  the  great  Kocky  Mountain  region,  in  the 
coarse  of  which  the  channels  have  been  much  influenced  in  their  direc- 
tion and  position  by  the  varying  conditions  of  the  strata  with  which 
they  have  been  brought  in  contact.  Therefore  the  drainage  of  this 
latter  kind  has  been  called  consequent  drainage,  while  that  of  tho  per- 
manent streams  has  been  designated  as  antecedent  drainage.  The 
larger  streams  have  of  course  had  their  tributaries  from  the  beginning, 
bat  it  is  hardly  likely  that  the  identity  of  any,  except  those  which  con- 
tain perennial  water,  have  been  fully  preserved ;  while  not  only  the 
identity,  but  the  exact  position  of  nearly  or  quite  all  the  streams  that 
contain  perennial  water  have  remaine<l  unchanged  from  the  beginning. 
This  district,  together  with  that  which  adjoins  it  on  the  north,  affords 
some  remarkable  examples  of  antecedent  drainage  in  connection  with 
great  and  abrupt  displacements  of  the  strata  that  are  crossed  by  the 
drainage-channels. 

Chreen  River. — The  cutting  of  Green  River  through  the  Uinta  Mount- 
ain chain  is  probably  one  of  the  most  extraordinary  examples  of  this 
ifind  to  be  found  on  the  continent,  but  as  this  ha43  been  fully  described 
by  Professor  Powell  in  his  report  on  the  geology  of  the  Uinta  Mount- 
ainsy  and  as  only  a  small  proportion  of  the  wonderful  caiioiis  of  that  river 
exist  within  the  limits  of  this  district,  a  full  description  of  even  those  of 
the  Uinta  Mountains  will  be  omitted  in  this  report.  The  i)ortion  which 
lies  within  the  limits  of  this  district  is  most  impressive  and  remarkable, 
cutting,  as  it  does,  through  Split  Mountain  from  its  base  to  its  summit. 
This  mountain  is  a  sharply-folded  spur,  which  projects  westward  from 
the  body  of  Yampa  Plateau,  the  summit  of  which  is  3,000  feet  above 
the  river;  and  is  composed,  like  the  principal  part  of  the  plateau,  of 
hard  limestones  and  sandstones  of  Carboniferous  age.  The  strata  sur- 
rounding Split  Mountain  to  tho  westward  are  comparatively  soft,  and 
the  surface  there  has  comparatively  slight  elevation.  Viewing  the  re- 
gion topographically,  the  most  n^itnral  course  for  the  river  to  have  pur- 
sued from  and  below  Island  Park  would  seem  to  be  by  way  of  a  tribu- 
tary drainage,  and  the  main  channel  of  Brush  Creek,  around  the  western 
end  of  the  mountain,  instead  of  cutting  entirely  throagh  it,  as  it  does, 
splitting  it  through  its  highest  portion.  Below  Split  Mountain  the 
relation  of  the  river  to  the  underlying  stnita  is  not  especially  re- 
markable. 

Yampa  River. — Although  the  canons  of  the  Yampa  are  not  so  deep 
as  many  of  those  of  the  Green  and  Colorado  Rivers  are,  its  valley  is 
remarkable  for  the  extraordinary  displacements  of  strata,  through  which 
they  have  been  excavated.  From  the  eastern  boundary  of  the  distnct, 
nearly  to  Yampa  Mountain,  the  river  runs  in  a  monoclinal  valley ;  that 
is,  the  general  course  of  the  river  is  to  the  westward,  and  the  general 
dip  of  the  strata  out  of  which  the  valley  has  been  excavated  is  to  the 
northward.    Moreover,  the  bondings  of  the  river  coincide  in  some  degree 
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with  the  flexed  borders  of  the  outcrop  of  the  different  groaps  of  strata 
in  the  neighborhood  of  the  river.  Concerning  this  portion  of  the  valley, 
upward  of  forty  miles  in  length,  there  is  nothing  especially  remarkable 
in  the  relation  of  the  river  to  the  displacements  of  the  strata  over  which 
it  flows;  but  in  the  lower  portion  of  its  valley  the  case  is  very  different. 

The  isolated  position  of  Yampa  Mountain  in  the  comparatively  low 
land  of  Axial  Basin,  and  its  character  as  a  sharply-deiined  upthrust  of 
Palseozic  rocks  through  those  of  Mesozoic  age,  has  been  already  explained. 
Yampa  Biver,  after  entering  Axial  Basin,  which  it  does  four  or  five  miles 
eastward  from  Yampa  Mountain,  instead  of  bending  around  the  mount- 
ain in  the  lower  ground  at  its  base,  cuts,  by  a  narrow  caiion,  through 
the  northern  portion  of  the  mountain.  The  walls  of  this  caiion  are  not 
only  several  hundred  feet  higher  than  the  low  ground  at  the  base  of  the 
mountain,  but  the  strata  through  which  it  has  been  cnt  are  composed  of 
hard  limestone,  while  those  underlying  the  low  ground  are  of  soft  sand 
stones  and  clayey  shales. 

Below  Yampa  Mountain,  the  river  runs  for  a  distance  of  fifteen  or  six- 
teen  miles,  to  JuDction  Mountain,  along  the  low  grounds  of  the  western 
portion  of  Axial  Basin,  and  approximately  upon  the  main  axis  of  the 
Uinta  Mountain  Uplift.  Keaching  Junction  Mountain,  which  is  another 
isolated  mountain  upthrust  almost  identical  in  character  and  surround- 
ings with  Yampa  Mountain,  the  river  cuts  throngh  it  in  the  same  manner 
as  through  the  latter  mountain,  but  by  a  deeper  and  longer  canon.  The 
length  of  this  caiion  throngh  Junction  Mountain  is  about  three-quarters 
of  a  mile  in  a  straight  line,  from  which  its  course  varies  a  little,  and  its 
greatest  depth  is  about  1,200  feet,  the  walls  being  almost  perpendicular. 
As  in  the  case  of  Yampa  Mountain,  the  strata  of  the  low  grounds  that  sur- 
round Junction  Mountain  are  soft  and  easily  eroded ;  while  the  cafion 
is  cut  through  not  only  the  hard  limestone  and  other  strata  of  Car- 
boniferous age,  but  also  through  several  hundred  feet  in  thickness  of 
the  still  harder  Weber  quartzite  beneath  them. 

After  leaving  Junction  Mountain,  Yampa  Biver  flows  across  Lily's 
Park  directly  to  the  eastern  end  of  the  high  range  of  paleozoic  rocks 
that  have  been  brought  up  by  the  Uinta  Mountain  Uplift.  It  then 
flows  more  than  30  miles  through  a  tortuous  and  continuous  caiion 
which  it  has  cut  in  the  carboniferous  strata  which  form  that  portion  of 
the  southern  side  of  the  main  fold  of  the  great  Uinta  Uplift,  and  empties 
into  Green  Biver  where  itself  is  passing  through  a  deep  canon  in  the 
Uinta  Mountains.  The  walls  of  the  Yampa  Caiiou  are  almost  every  where 
nearly  perpendicular,  varying  in  height  above  the  stream  from  1,000  to 
1,500  feet.  Along  a  great  part  of  its  -course  Yampa  Gafion  lies  approxi- 
mately parallel  with  a  valley  that  lies  in  the  synclinal  flexure  between 
the  main  fohl  of  the  Uinta  Uplift  and  the  accessory  one  of  the  Yampa  pla- 
teau. Bed  Rock  Basin  constitutes  the  western  end  of  this  synclinal 
valley,  the  bottom  of  which  is  1,600  or  1,800  feet  lower  than  the  brink  of 
that  portion  of  the  caiion  which  lies  opposite  to  it. 

Viewing  this  region,  according  to  its  present  topography  and  the  sus- 
ceptibility to  erosion  of  the  rocks  that  occupy  the  surface,  the  most 
natural  course  for  Yampa  Biver  to  have  pursued  to  form  a  junction  with 
the  Green  would  seem  to  be  around  the  north  side  of  Yampa  Mountain, 
thence  past  the  southern  end  of  Junction  Mountain  through  Midland 
Basin,  and  thence  down  the  dry  valley  that  lies  along  the  southern  side 
of  Midland  and  Section  Ridges  to  the  valley  of  Green  River.  On  the 
contrary  Yampa  River  traverses  the  most  mountainous  and  difficult  por- 
tion of  the  district  after  having  cut  through,  instead  of  around,  two 
isolated  mountains  composed  of  hard  and  compact  strata. 
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WkUe  River. — In  no  part  of  that  portion  of  its  course  which  lies  ad- 
jacent to  this  district^  does  White  Biver  Valley  afford  so  striking  an 
example  of  antecedent  drainage  as  the  valley  of  the  Yampa  does. 
Nevertheless,  the  conrse  of  White  Biver  is  sufficiently  independent  of 
the  displacements  of  the  strata  over  which  it  flows  to  show  that  it  should 
be  properly  placed  in  the  same  category  in  this  respect,  with  the  Yampa 
and  Green  Hivers. 

Upon  leaving  Agency  Park,  White  Biver  cuts  through  Grand  Hog- 
back, which  crosses  the  valley  at  right  angles;  and  from  there  west- 
ward to  the  southern  end  of  Piiion  Bidge,  a  distance  of  between  25  and 
30  miles,  it  runs  in  large  part  upon  the  yielding  strata  of  the  Wasatch 
Group,  and  in  part  upon  the  lower  strata  of  the  Green  Biver  Group.  It 
then  runs  for  a  few  miles  among  the  strata  of  the  Fox  Hills  and  Lara- 
mie groups,  where  they  are  upturned  by  the  Midland  Flexure.  It  then 
returns  to  the  Wasatch  Group  again,  upon  which  it  runs  nearly  to  Baven 
Park,  where  it  crosses  in  both  the  descending  and  ascending  order,  the 
Laramie,  Fox  Hills,  and  Colorado  groups.  After  passiug  the  Baven 
Sidge  Flexure  at  the  western  side  of  Baven  Park,  the  river  again  flows 
five  or  six  miles  upon  the  strata  of  the  Wasatch  Group,  and  then  enters 
a  canon  which  it  has  carved  out  of  the  strata  of  the  Green  Biver  Group, 
nearly  all  the  way  to  its  confluence  with  Green  Biver.  This  cailon 
18  from  GOO  to  1,000  feet  deep,  from  the  adjacent  upland  surface;  and 
although  it  is  narrow,  its  sides  are  not  usually  so  precipitous  as  those 
of  Yampa  Cafion  are. 

Throughout  a  large  part  of  the  course  of  White  Biver,  there  is  appar- 
ently no  special  condition  of  the  underlying  strata  that  might  be  sup- 
posed to  have  governed  its  direction  so  far  as  lateral  deflection  is  con- 
cerned ;  but  its  direction  seems  to  have  been  just  as  little  influenced 
by  the  abrupt  flexures  the  strata  have  sufifered  over  which  it  flows  near 
Pinon  Bidge  and  at  Baven  Park. 

Milk  Creek. — ^The  upper  branches  of  Milk  Creek  flow  in  such  a  man- 
ner and  have  such  relations  to  the  underlying  strata  as  any  kind  of 
drainage,  either  antecedent  or  consequent,  might  have.  But  from  the 
point  at  the  north  side  of  Axial  Basin,  where  these  branches  coalesce, 
the  creek,  instead  of  continuing  down  the  low  land  of  the  open  basin, 
as  one  might  expect  it  to  have  done,  turns  abruptly  northward  through 
a  caiion,  or  very  narrow  valley,  three  miles  long  and  800  feet  maximum 
depth,  which  it  has  carved  out  of  the  strata  of  the  Fox  Hills  Group,  and 
joins  the  Yampa  which  there  runs  in  a  similar  caiion. 

No  other  theory  than  that  of  antecedent  drainage  seems  at  all  ade- 
quate to  explain  the  extraordinary  course  of  such  a  creek.  It  is,  how- 
ever, most  remarkable  that  a  creek  so  small  as  this  could  have  such  a 
history — a  history  that  dates  back  to  a  time  before  the  great  mountains 
near  by  were  made,  and  before  the  grand  lineaments  which  the  conti- 
nent now  bears  were  carved. 

SCATTERED  DEIFT. 

• 

No  considerable  portion  of  the  surface  of  the  region  adjoining  the 
BcJiky  and  Uinta  Mountains  is  free  from  well-worn  scattered  drift- 
I»ebbles.  These  pebbles  are  composed  of  various  kinds  of  rock,  but 
they  are  largely  qnartzites  of  various  colors,  and  are  usually  as  smoothly 
rounded  as  any  that  are  now  washed  upon  a  storm-beaten  sea-shore. 

To  one  who  is  familiar  with  the  great  northern  glacial  drift,  these 
pebbles  suggest  the  same  or  a  similar  history  j  and  when  we  attempt  to 
trace  their  origin  by  comparing  their  lithological  composition  with  that 
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of  the  rocks  in  situ  Id  that  region,  it  is  evident  that  the  original  ledfces 
from  which  they  have  been  separated  are  those  of  the  axes  of  the 
neighboring  mountains.    Therefore  it  is  equally  evident  that  they  have 
been  distributed  in  radiating  lines  from  those  axes ;  especially  so  since 
in  every  case  yet  observed,  the  differences  in  the  lithological  composition 
of  the  drift-pebbles  at  different  h>calities  ailjacent  to  the  mountain  range 
exactly  correspond  to  the  changes  of  lithological  characters  of  the  rocks 
comprising  different  portions  of  the  mountain  axis.    That  these  drift- 
pebbles  were  distributed  by  glacial  action  seems,  in  view  of  the  accepted    : 
theories  in  relation  to  the  groat  northern  drift,  to  be  a  natural  inference    '• 
upon  casual  examination ;  especially  as  this  mountain  drift  is  distributed    < 
upon  the  surfaces  of  the  higher  foot-hills  of  the  mountain  ranges,  as  well    i 
as  in  the  valleys  between  them,  and  upon  the  lower  lands  at  a  greater 
distance.     The   true  origin  and  distribution  of  this  drift,  however,    i 
involves  the  consideration  of  several  questions,  for  the  discussion  of    i 
which  the  phenomena  observable  within  the  limits  of  this  district  do  not    : 
furnish  sufficient  material.    Thereforo  the  consideration  of  the  subject 
in  this  report  will  be  mainly  confined  to  the  description,  and  an  account    < 
of  the  distribution  of  the  drift  within  this  district.    Before  doing  this, 
however,  it  is  proper  to  refer  briefly  to  some  correlated  phenomena,    i 
The  drift-pebbles,  as  beforo  mentioned,  are  as  smoothly  rounded  as  any    j 
that  are  now  washed  upon  the  sea-coast;   and  it  seems  difficult  to    \ 
understand  how  this  could  have  been  done  under  any  condition  of  trans-    \ 
portation  alone.    Indeed,  it  seems  impossible  that  these  pebbles  could    \ 
have  been  so  completely  rounded  in  any  manner  except  by  attrition  in  a 
large  body  of  water  where  the  waves  could  have  great  power ;  and  this    ^ 
view  is  strengthened  by  the  fact  that  the  pebbles  are  distributed  over  so    i 
broad  an  area.    Whatever  their  origin  as  such  may  have  been,  it  is  cer-    | 
tain  that  the  pebbles  have  been  radiately  disi)er8ed  from  the  mountain    , 
axes. 

The  character  of  the  rocks  composing  the  axial  portions  of  the  Uinta  ] 
and  Park  Range  uplifts  respectively,  is  so  different  that  it  is  quite  easy  , 
to  refer  any  collection  of  pebbles  that  may  be  found  in  the  vicinity  of  ^ 
both  ranges  to  the  one  from  which  they  were  really  derived,  and  also  to  i 
recognize  any  mixture  of  pebbles  as  such  that  have  been  derived  from  ^ 
both  ranges.  For  example,  it  is  easy  to  recognize  the  drifi-pebbles  of  , 
the  eastern  portion  of  this  district  as  having  been  derived  from  rocks  of  j 
those  mountains  of  the  Park  Range  which  lie  to  the  eastward ;  and  just 
as  easy  to  recognize  those  that  are  found  in  the  western  part  of  the  dis-  , 
trict  as  having  been  derived  from  the  strata  of  Uinta  Mountain  uplifts.    , 

Ui>on  the  middle  portion  of  the  district,  however,  the  drift  of  both    , 
eastern  and  western  origin  ;  or,  in  other  words,  that  of  the  Park  Range, 
and  of  the  eastern  end  of  the  Uint^.  Mountains,  is  found  to  be  mixed.    \ 
The  former  is  mostly  quartzites,  with  admixtures  of  basalt  and  granite, 
while  the  latter  are  mostly  made  up  of  fragments  of  carboniferous  lime-    , 
stone  and  Weber  quartzito,  which  latter  rock  is  often,  but  not  always, 
quartzitic.    This  Uinta  drift  contains  no  trap  and  no  granite,  for  none 
of  those  rocks  occur  in  the  eastern  i>orti(>n  of  the  Unita  Mountains. 

Granite,  however,  is  abundant  in  the  Park  Range,  and  very  extensive  " 
masses  of  the  basalt  exist  just  beyond  the  eastern  borders  of  the  dis- 
trict. The  pebbles  of  eastern  drift  which  have  found  their  way  in 
abundance  into  the  beds  of  the  White  and  Yampa  rivers,  have  been  [ 
carried  down  by  the  current  to  points  further  westward  in  the  valleys 
than  any  they  have  reached  upon  the  uplands,  and  further  than  any 
points  to  which  drift  from  the  Uinta  Mountaiuo  has  been  transported 
eastward. 
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riety  of  farm-prodacts  that  may  be  grown  there  snccessfally,  but  trials 
already  made  there  show  that  wheat,  barley,  oats,  rye,  pease,  beans,  po- 
tatoes, and  many  of  the  cogamou  garden  vegetables  may  be  cnltivated 
saccessfnlly.  The  tillable  lands  along  the  valley  of  Green  Biver  have 
less  elevation  above  the  level  of  the  sea  than  those  of  any  other  portion 
of  the  district,  and  it  is  probable  that  maize,  as  well  as  some  kinds  of 
fruit  trees,  might  be  grown  there  with  snccess.  The  soil  of  the  irrigable 
lands  is  almost  without  exception  very  fertile,  and  needs  only  proper 
irri^^tion  and  cultivation  to  make  them  very  prodnctive.* 

Water. — ^A  dweller  in  a  well-watered  country  is  hardly  able  to  realize 
the  paramount  value  of  the  water  that  falls  upon  the  land  in  copions 
and  timely  showers,  and  that  traverses  every  valley  in  the  form  of  rivu- 
lets and  streams*  It  is  the  want  of  the  copious  snppl  ies  of  water  that  bless 
the  eastern  part  of  the  national  domain  that  renders  so  large  a  propor- 
tion of  the  western  part  either  a  desert  waste  or  untillable  land.  For 
this  reason  water  is  classed  among  the  material  resources  of  the  dis- 
inct,  and  all  its  permanent  streams  and  rivulets  are  especially  noticed 
in  this  report,  although  some  of  them  are  so  small  that  they  would  be 
deemed  unworthy  of  notice  in  more  favored  regions. 

Except  among  the  Danforth  Hills  and  other  hills  in  the  eastern  p^rt  of 
the  district,  and  also  at  the  bases  of  Plateau  and  Midland  Uplifts  in  the 
western  part,  no  springs  are  found,  and  they  are  not  numerous  in  the 
parts  designated.  Therefore  supplies  of  water  must  be  obtained  prin- 
cipally from  the  Green,  Yampa,  and  White  Bivers,  and  their  very  few 
tributaries  that  contain  perennial  water,  and  which  have  already  been 
described  in  Chapter  II.  The  water  of  these  streams  is  sufficiently 
pure  and  good,  and  the  fall  is  almost  everywhere  so  great  in  the  Yampa 
and  White  Bivers  that  abundant  water-power  may  he  obtained,  as  well 
as  an  abundance  of  water  for  irrigating  purposes. 

As  a  general  indication  of  the  amount  of  water  carried  by  White  and 
lampa  Bivers,  I  here  insert  a  record  of  the  gauging  of  each.  Yampa 
River  was  gauged  at  a  point  four  miles  east  of  Yampa  Mountain,  and 
White  Biver  six  miles  below  White  Biver  Indian  Agency.  The  method 
adopted  was  to  measure  a  line  of  200  feet  along  the  bank  of  the  river, 
aod  note  the  time  taken  by  a  float  to  run  from  the  upper  to  the  lower 
end  of  the  line;  then  to  measure  the  depth  at  certain  i)oints  opposite, 
together  with  the  width  of  the  stream. 

Gauging  of  Yampa  Rivevj  August  5,  1877. 

Width  from  brink  to  brink 175  feet. 

Sonnin  gtime  of  float 1  minnte  57  secondn. 

D«pth  at  north,  quarter  of  the  distance  acroes 2  feet. 

Depth  at  center 2  feet  5  inches. 

Diepth  at  soath,  quarter  of  the  distance  across 2  feet  9  inches. 

The  bottom  has,  at  the  place  of  measurement,  quite  a  uniform  curve 
from  brink  to  brink,  so  that  a  greater  number  of  measurements  of  depth 
trere  deemed  unnecessary. 

Gauging  of  White  River ^  August  11,  1877. 

Width  from  brink  to  brink 120  feet. 

Ranoiog  time  of  float 31  seconds. 

Depth  at  south,  one-eighth  dibtance  across 1  foot  9  iaches. 

Depth  at  south,  one-quarter  distance  across 1  foot* 

Depth  at  center 1  foot  9  inches. 

Depth  at  north,  one-quarter  distance  across 1  foot  10  inches. 
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The  time  of  gfiuging  of  these  streams  was  toward  the  close  of  the 
son  when  irrigation  of  crops  is  necessary.    Earlier  in  the  season ,  wh0 
more  water  is  needed  for  that  purpose,  the  streams  always  cany 
greater  quantity* 

If  future  interests  should  ever  make  it  desirable  to  have  artesid 
wells  in  that  region,  they  may,  no  doubt,  be  successfully  made  in  sal 
eral  places ;  as,  for  example,  in  Coyote  Basin,  the  valley  between  MM 
land  Eidge  and  the  Baven  Park  Uplift,  in  the  valley  of  Bed  Bluff  Wail 
&c.  The  conditions  of  the  strata  of  the  district  upon  which  this  opinld 
is  based  are  shown  in  the  sections  at  the  bottom  of  the  geological  mm 
accompanying  this  report. 

Orazing  lands, — Although  irrigation  is  necessary  for  all  caltivaAV 
crops  in  that  region  of  which  this  district  forms  a  part,  very  nutrition 
grasses  grow  naturally  both  in  the  valleys  and  upon  the  uplands,  tbo^ 
of  the  latter  being  more  nutritious  thau  those  of  the  former.  The 
upon  the  uplaids  is  thinly  scattered,  but  the  extent  of  surface  a^ 
which  it  grows  is  so  great  that  it  will  furnish  an  abundance  of  food  for 
the  grazing  animals  that  may  be  required  by  the  limited  popu 
which  the  irrigable  lands  of  the  valleys  are  capable  of  supporting. 

Fuel  and  building  material — Although  there  are  no  forests,  pro 
speaking,  in  this  district,  there  is,  upon  the  hills  and  mountains,  a 
tered  and  generally  stunted  growth  of  cedar,  pinon,  and  aspen 
which  is  quite  sufficient  in  amount  to  meet  all  requirements  for 
fences,  and  such  small,  rude  buildings  as  may  be  required  for  farm 
poses.  Easily  dressed  sandstone  is  almost  everywhere  abundant, 
which  substantial  buildings  may  be  constructed. 

Besides  the  wood  fuel,  which  will  doubtless  be  quite  sufficient  for 
the  ordinary  wants  of  the  greatest  population  which  the  district  will 
support,  there  are  several  localities  where  coal  may  be  obtained  in 
parative  abundance.    Among  the  best  exposures  of  coal  that  were 
served  during  the  progress  of  the  survey  are  those  of  two  principal 
one  of  which  is  found  in  and  near  Gafion  Park,  and  another  in  the  ^, 
forth  Hills,  northwestward  from  White  River  Indian  agency.    Both 
these  beds  occur  among  the  strata  of  the  Laramie  Group,  one 
near  the  base  and  the  other  near  the  top  of  the  series.    Gomparati 
little  search  will  doubtless  fully  reveal  these  and  other  beds  of 
in  those  places,  from  which  supplies  may  be  obtained  with  comparati 
little  labor.    The  bed  that  occurs  in  the  Danforth  Hills  is  also  seen 
posed  in  the  valley  sides  of  Yampa  Biver  below  Gauon  Park.    This 
doubtless  represents  one  of  those  at  the  well-known  mines  at  Bock  Spri; 
Station,' on  the  Union  Pacific  Bailroad,  Wyoming.    The  bed  that 
in  the  upper  strata  of  the  Laramie  Group,  and  which  is  exposed  in  G 
Park,  doubtless  represents  one  of  those  beds  which  were  formerly  wo 
at  Point  of  Bocks  and  Black  Buttes  stations,  on  the  railroad  just  na 

A  bed  of  coal  in  the  lower  strata  of  the  Golorado  Group,  near  the 
side  of  Lily's  Park,  has  already  been  mentioned  on  a  previous  page,  b 
seemssomewhat  doubtful  whetherit  will  prove  to  be  agoodone.  Altho 
the  Laramie  Groupcontains  so  much  coal  in  theeastern  partof  thedisi 
there  seems  to  be  comparatively  little  among  the  strata  of  that  grou 
the  western  part.    In  the  region  of  which  this  district  forms  a  part, 
Fox  Hills  Group  is  known  to  contain  some  coal,  but  within  the  limit 
this  district  no  good  bed  of  coal  was  discovered  among  the  stra 
that  group. 
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LETTER  OF  TRANSMITTAL. 

Washington,  D.  0.,  April  9, 1877. 

Sib  :  I  have  the  honor  herewith  to  sabmit  my  report  for  1876  as  geol- 
ogist of  the  White  Eiver  divisiou.  In  accordance  with  instructions  re- 
ceived, we  left  Cheyenne,  Wyo.,  August  14, 1876,  and  started  for  the 
field  August  16  from  Eawlins,  Wyo.  After  a  march  of  one  hundred  and 
eighty-five  miles,  we  arrived  at  the  White  Biver  Indian  agency,  where 
we  commenced  operations.  October  12  we  returned  to  that  place,  hav- 
ing completed  the  geological  and  topographical  survey  of  the  area 
assigned  to  us.  During  that  time  we  obtained  sufficient  data  for  the 
purposes  of  preparing  geological  and  topographical  maps  of  a  section  of 
country  comprising  over  3,800  square  miles. 

The  subjoined  report  is  divided  into  three  chapters  and  a  conclusion. 
Of  these  the  first  treats  of  the  physical  character  of  the  country  exam- 
ined, the  second  of  its  structural  and  geognostic  features,  and  the  third 
contains  a  short  discussion  upon  the  intimate  connection  between  litho- 
logical  constitution  of  rocks,  stratigraphy,  and  special  orographic  fea^ 
ares.  In  the  ^^  conclusion,"  the  various  geological  formations  I  encoun- 
tered in  Colorado  are  briefly  reviewed.  A  comparative  table  of  forma- 
tious  throughout  the  State  has  been  added. 

I  wish  leave  to  express  my  sincere  thanks  to  Mr.  O.  B.  Chittenden, 
topographer  directing,  and  to  Mr.  E.  N.  Dickerson,  jr.,  meteorological 
observer,  for  their  uniform  kindness  and  co-operation  during  the  field- 
season.  To  Mr.  W.  n.  Holmes  I  am  indebted  for  the  preparation  of 
illustrations. 

It  gives  me  pleasure  here  to  acknowledge  the  courtesy  and  material 
aid  extended  to  us  by  Mr.  Dauforth,  agent  at  the  White  Eiver  Indian 
agency,  and  Mrs.  Danforth.  To  them  we  owe,  in  a  great  measure,  the 
friendly  footing  upon  which  we  were  at  once  placed  with  the  Utes,  be- 
sides many  favors  that  are  most  heartily  appreciated  by  those  accus- 
tomed to  camp  life  and  camp  fare. 

Hoping  that  this  report  may  meet  your  requirements, 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

FREDERIC  M.  ENDLICH. 

Dr.  F.  V.  Hayden, 

Gcologistin-charge  U.  S.  Oeological  and 

Oeographical  Survey  of  the  Territoriea. 
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INTBODUOTION, 

DariDg  1876  the  geological  sanrey  of  Colorado  was  completed  by  the 
foar  field-parties  sent  oot  for  that  parpose.  A  short  season  only  coald 
be  devoted  to  the  work,  bnt  it  proved  to  be  of  sufficient  length  to  finish 
all  that  had  been  assigned  to  each  individual  party. 

On  Angnst  16  the  division  to  which  I  was  attached  as  geologist  left 
Bawlins  for  the  White  Biver  Indian  agency,  in  order  to  survey  a  strip 
of  country  west  and  southwest  from  that  point.  To  us  bad  been  assigned 
the  region  lying  west  of  the  agency,  bordered  on  the  north  by  the  White 
Biver,  on  the  west  by  longitude  109o  30^  west,  on  the  south  by  north 
Latitude  4(P,  and  joining  on  the  east  with  the  district  of  the  late  Mr. 
Marviue  (1873)  along  a  line  of  about  longitude  X07O'45'  west.  The 
area  enclosed  within  these  limits  comprises  about  3,800  square  miles.  In 
order  to  expedite  the  work  as  much  as  possible,  it  was  decided  to  estab- 
lish White  Biver  agency  as  a  supply-post  for  provisions,  and  complete 
the  survey  in  two  trips  from  that  point.  This  plan  was  carried  out,  and 
proved  to  save  time  in  travelling. 

Angnst  27  we  left  the  agency,  starting  southward,  and,  after  finish- 
ing the  area  we  had  expected  to,  we  returned  by  a  different  route  to  our 
starting  i)oint  September  9.  Leaving  it  again  September  II,  we  sur- 
veyed the  remaining  portion  of  the  district.  Our  last  station  was  made 
October  11.  On  the  day  following  we  left  the  Indian  agency  and 
marched  eastward  by  way  of  Middle  Park,  crossing  the  continental 
divide  over  Boulder  Pass.  Snow  and  cold  weather  impeded  rapid  pro- 
gress somewhat,  bnt  on  October  22  we  reached  Boulder  City,  from  where 
we  proceeded  to  Washington. 

In  treating  of  the  district  completed  during  that  time  I  have  con- 
cluded to  divide  the  discussion  into  two  parts.  The  first  treats  of  the 
physical  character  of  the  region,  the  second  of  the  structural.  Uniform 
in  every  respect,  that  section  of  country  furnishes  but  very  little  of 
interest  either  to  the  geologist  or  palaeontologist.  It  is  not  a  pleasant 
region  to  travel  through,  owing  to  its  arid  character,  and  to  the  fact 
that  much  of  the  water  which  may  be  found,  is  little  less  than  a  satura- 
ted solution  of  carbonates  and  sulphates  of  the  various  alkalies.  For 
sanitary  purposes  it  would  answer  admirably  well,  but  this  peculiar 
feature  is  not  particularly  acceptable  to  any  one  who  may  be  dependent 
npon  the  water  he  meets  with  for  his  beverage  and  his  cooking. 
In  the  subjoined  pages  special  mention  will  be  made  of  the  most  alka- 
line creeks  and  springs,  and  the  origin  of  the  alkalies  in  solution  will  be 
discussed. 
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DRAINAGE. 

A. — ^WHITE  BIYEB  DRAINAGE. 

Foar  large  streams  flow  into  the  White,  beading  on  the  Roan  Moun- 
ins  or  Book  Cliffs,  and  following  a  course  of  aboat  south  to  north.  Of 
ese  the  first  one  (going  from  east  to  west)  enters  the  White  aboat  30 
lies  below  the  agency  buildings.  It  is  called  Pi-ce-ance  by  the  In- 
ans,  and  we  have  retained  the  name.  This  stream  has  a  length  of 
miles,  and  carries  water  daring  the  entire  year.  Most  of  its  tribu- 
nes are  dry,  except  early  in  spring  and  during  a  portion  of  the  rainy 
ason.  Douglas's  Greek,  named  after  the  head  chief  of  the  White- 
iver  Utes,  is  the  next  stream  of  good  size ;  it  flows  into  White  River, 
K)ut  60  miles  below  the  agency,  having  a  general  coarse  west  of 
>rth.  Shorter  than  this  is  Evacuation  Creek,  which  joins  the  White 
>  miles  below  Douglas's.  The  courses  of  the  two  last  named  are  very 
Barly  parallel.  Starting  with  two  main  forks,  which  join  at  Station 
2j  is  Two  Water  Greek;  while  its  east  fork,  Bitterwater  Fork,  con- 
UDs  very  unpalatable  alkali  water;  the  west  one,  Sweetwater  Fork,  is 
"csh.  Below  t&e  junction  we  found  no  water  whatever.  Both  of  the 
i9tnamed  streams  enter  the  White  beyond  the  western  border  of  Gol- 
rado,  in  Utah,  100  miles  below  the  agency. 

B«>^ides  these  more  important  streams,  there  are  several  smaller  ones 

^rthy  of  mention.    Between  the  ap:ency  and  Pi-ce-ance  is  Cattle  Greek^ 

^iles  below  the  former.    It  heads  near  Station  2,  and  after  but  a 

^rt  ran  joins  the  White.    Another  creek  is  found  between  Pt-ceance 

^  Douglas's,  draining  the  low  bluff  coantry  between  the  months  of 

two  larger  streams.    Asphalt  Wash  is  a  dry  creek  east  of  Two 

ter ;  it  is  but  short,  catting  deeply,  however,  into  the  sandstones 

shales  of  the  region. 

»ar  the  beads  of  all  these  streams  we  found  more  or  less  abundant 
igs;  many  of  them  were  flowing  but  feebly,  during  the  time  of  our 
>ration8  (the  dry  season),  and  a  short  distance  only.    In  the  morn- 
lot  unfrequently,  the  water  was  more  plentiful,  and  camp  couUl  be 
at  a  i)oint  from  which  any  flowing  water  would  be  removed  for 
distance  by  evening.    Evaporation  during  the  day  decreased  the 
d  quantity,  which  received  a  fresh  supply  during  the  night,  by 
nation  of  this  evaporation,  and  by  the  precipitation  of  moisture  as 
>ixs  dew.    As  has  been  observed  in  many  arid  regions  through- 
world,  so  here,  too,  certain  stnitaof  rocks  were  more  abundantly 
d  with  moisture  tuan  others.    It  was  in  such  strata,  or  imme- 
below  them,  that  springs  bad  to  be  looked   for.    At  almost 
Kjality  where  the  litbological  character  of  strata  shows  only 
le  and  shale,  we  will  find  the  same  occurrence.    Requisite,  of 
re  conditions  favorable  to  the  emission  of  water  retained  by 
Uer-strata.'' 

B.— GRAND  RIVER  DRAINAGE. 

'  l>ortion  only  of  the  drainage  belonging  to  this  river  falls  with- 
it^  of  our  district,  south  of  the  agency.    The  divide  between 
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White  and  GraDd  is  bat  12  miles  distant,  and  there  several  creeks  in  our 
district  reach  the  Grand  withont  leaving  it.  Among  tlvem  Rifle  Greek 
is  the  most  prominent.  This  heads  near  station  4,  and  flows  in  a  gen- 
eral southwestern  course  until  it  enters  the  Grand.  Koan,  Salt,  and  Bit- 
ter Creeks  merely  reach  our  district  with  their  head-water  drainage, 
and,  following  a  course  east  of  south,  join  the  Grand  at  varying  inter- 
vals of  space.  These  southern  streams  carry  more  water,  t.  e.,  water 
for  a  greater  distance  in  miles,  than  the  northward-flowing  tributaries 
of  the  White.  While  treating  of  the  stratigraphy  of  the  entire  region 
this  will  be  discussed. 

Summarizing  the  approximate  lengths  of  water-courses  contained  in 
our  district,  and  heading  within  its  limits^  we  arrive  at  a  result  which 
shows  that  the  length  of  the  main  streams  is  a  comparatively  large  one, 
as  compared  with  the  area..  Did  all  the  streams  contain  water  through- 
out the  entire  distances  of  their  courses  the  region  would  be  amply  sup- 
plied with  moisture.    As  it  is,  however,  it  is  dry. 

WHITE  RFVER  DRAINAGB. 

Length  of  White  River  within  district 180 

CatUo  Creek 15 

Pi-ce-auce  Creek ^ 45 

Douglas^H  Creek 35 

Evacuation  Creek 30 

Asphalt  Wash 18 

Total 263 

Bitterwater  Fork «2 

Two  Water  Creek 18 

Sweetwater  Fork 19 

Dickerson's  Creek .•••  32 

Total :<54 

GRAND  RIVER  DRAINAGE. 


Nameless  Creek 

Rifle  Creek 17 

Roan  Creek 32 

Salt  Creek 27 

Bitttrwater  Creek 30 

Desert  Creek 3*2 

Total 160 

Along  nearly  all  of  these  main  tributaries  of  the  two  rivers  we  foand 
Indian  trails,  greatly  facilitating  travel,  and  frequently  leading  to 
springs  which  could  scarcely  have  been  found  without  their  guidance. 
It  is  improbable  that  much  travel  should  ever  occur  in  that  region,  bat 
for  casual  travellers  the  trails  will  prove  to  be  of  invaluable  service* 

TOPOGBAPHY. 

The  larger  portion  of  the  district  is,  viewed  as  a  whole,  simply  an  ex- 
tensive plateau,  which  slopes  to  the  north.  Topographically  it  is  a  oou- 
tiiuiation  of  the  Grand  Mesa  south  of  the  Grand  Kiver.  As  generally 
is  the  case,  so  here,  too^  the  geological  formations  prove  to  exhibit  cer- 
tain types  of  orographic  features.  We  find  in  the  eastern  portion  of 
the  district  that  the  mesozoic  gronp  is  represented,  and  that  there  tbe 
country  is  more  irregularly  broken  than  farther  west.  A  long  line 
of  heavy  hogbacks  stretches  in  a  general  direction  a  little  east  of  soath 
from  the  White  to  the  Grand.  At  several  places  streams  cut  through 
this  hogback,  flowing  westward.   On  its  eastern  face  it  is  steep,  generally 
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almost  inaccessible,  bat  the  western  slope  is  more  gentle.  Tbis  hog- 
back ridge  52  miles  in  length,  is  about  1,400  feet  above  the  valley  east 
of  it,  presenting,  as  it  does,  good  points  for  topographical  and  geologi- 
cal stations.  East  of  the  valley  the  hills  rise  to  considerable  elevation, 
for  that  section  of  conntry,  so  that  Stations  3  and  6  are  located  at  alti- 
tndes,  respectively,  of  9,904  feet  and  8,5  J3  feet.  Cattle  Creek  flows  north- 
ward through  an  almost  straight,  grassy  valley  into  the  White ;  a  type 
of  valley  that  is  generally  formed,  of  greater  or  less  extent,  wherever 
Colorado  shales  are  overlying  Dakota  sandstones.  A  low  divide  con« 
nects  this  with  Bifle  Valley.  Travelling  down  this  latter  we  reach  the 
Grand.  At  that  loaility  this  river  flows  in  a  broad  valley,  hugging  the 
rising  region  on  the  south  side.  Low  bluffs  of  variegated  marls  are 
found  north  of  it,  forming  a  transition  between  the  steep  hogback  ridge 
and  the  valley  proper.  Looking  off  westward  we  see  the  nearly  straight 
line  of  the  Book  Cliff'.  Bising  to  a  relative  elevation  ot  3,000  feet  they 
present  a  bold  escarpment  to  the  south,  one  that  is  broken  by  passes  at 
a  few  places  only.  The  regular  stratification  and  the  admirable  carving 
of  the  precipitous  southern  slope  give  this  plateau-edge  a  characteristic 
appearance.  At  many  places  the  strata  composing  it  have  yielded  to 
eroding  agents,  and  great  masses  have  fallen  down,  producing  vertical 
walls.  Their  light  color  and  well-defined  stratification  make  them  ap- 
pear as  successive  shelves ;  hence  the  name  which  has  long  since  been 
given  to  this  elevated  plateau. 

Immediately  west  of  the  hogback  the  geological  formation  of  the 
plateau  and  the  latter  itself  commence.    Ascending  a  gradual  slope  to 
its  summit,  the  divide  between  White  and  Grand,  we  obtain  a  view  of 
the  entire  structure.    Forming  a  crest  which  trends  about  east  to  west, 
the  Book  Cliffs  retain  a  very  constant  absolute  elevation  of  their  higl^est 
]K>iDts,  which,  however,  vary  but  slightly  from  the  general  altitude  of 
the  ridge.    On  average,  this  niay  be  stated  as  being  8,700  feet  above 
sea-level.    An  Indian  trail  runs  along  the  entire  length  of  the  crest,  as 
this  is  by  far  the  most  convenient  place  for  travelling.    A  numt>er  of 
springs  are  found  on  either  side  of  the  divide,  not  far  from  its  summit. 
Hiding  down  any  of  the  northward-flowing  streams,  we  observe  that  their 
beadwaters  are  generally  contained  in  steep,  narrow  gulches,  which  cut 
down  deei)ly  into  the  tertiary  strata.    Upon  reaching  a  lower  level, 
however,  the  valleys  widen,  are  very  flat,  and  not  unfrequently  show 
evidence  of  having  at  one  time  contained  lakes  of  considerable  extent. 
These  latter  have  disappeared  in  consequence  of  an  enormous  deposiition 
of  diluvial  and  alluvial  dritt.    Inflowing  waters  have  carried  with  them 
large  quantities  of  sand  and  silt.    Into  the  lakes  where  the  rapid  pro- 
gress of  the  stream  was  checked,  this  ^^ removed^  material  has  been 
deposited;  thereby   the    level  of  the    lake-beds    has  gradually  been 
raised  and  the  water  flowed  off.    We  now  have,  instead  of  bodies  of 
water,  an  equivalent  of  alluvial  and  in  part  diluvial  soil.     Through 
tbis  the  present  streams  and  creeks  cut  deep,  narrow  gorges.    Fre- 
qoently  it  is  nece^ary  to  travel  for  some  distance  before  a  point  can  be 
ioQDd  where  these  gorges  may  be  crossed  by  animals.  During  the  rainy 
teasoD  and  early  in  the  spring,  water  coming  from  the  more  elevated 
]X)rtions  of  the  pleateau  transports  large  masses  of  the  comparatively 
light  material,  and  renders  the  streams  and  White  Biver  very  muddy. 
On  either  side  the  flat  valleys  are  inclosed  by  more  or  less  steep  bluffs, 
showing,  generally,  the  exposed  strata  on  their  faces.    Between  the 
streams  the  space  is  occupied  by  long,  narrow,  mesa  like  ridges.    East 
and  west  these  show  steep  slopes,  are  connected  on  the  south  with  the 
crest  of  the  Book  Cliffs,  and  northward  sloi)e  very  gently  toward  the 
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White.  On  avemp^e,  this  slope  may  be  said  to  be  less  than  200  feet  to 
the  mile.  Short  grass  covers  mauy  of  the  ridges  along  their  flat  tops, 
while  the  sides  are  grown  over  in  part  by  juniper  and  pifion.  This  gen- 
eral character  holds  good  as  far  west  as  Evacuation  Greek.  Near  the 
junction  of  that  with  the  White  it  changes,  however.  A  heavy  series  of 
superincumbent  sandstones  has  produced  a  change  here.  Marching 
down  the  creek,  we  remain  for  a  long  distance  in  an  unbroken  cafion,  the 
walls  of  which  are  about  600  to  800  feet  high.  Four  miles  above  its 
entrance  into  the  river  the  trail  leaves  the  creek,  and,  ascending  to  the 
summit  of  the  long  ridge  west  of  it,  strikes  across  toward  a  sharp  south- 
erly bend  of  the  White.  From  there  downward  the  river  flows  in  a 
narrow  canon.  Walls,  averaging  1,000  feet  in  height,  enclose  it  on 
either  side,  presenting  almost  vertical  faces.  A  dark-brown  to  yellow- 
brown  sandstone,  regularly  bedded,  composes  them.  Erosion  has  here 
produced  numerous  fantastic  figures  that  a  lively  imagination  can  en- 
dow with  life,  and  readily  compare  with  animate  beings.  On  the  isolated 
hills  and  knolls  south  of  the  canon,  which  ibrmer  owe  their  existence 
to  remnants  of  this  sandstone,  ^^  monuments  ^  of  all  kinds  can  be  found. 
Cleavage-planes  in  the  sandstone  strata  have  produced  innumerable  pic- 
turesque forms,  and  erosion,  both  by  water  and  sand,  has  been  the 
artist  who  shaped  the  original  block* 

For  about  thirty  miles  this  canon  continues.  The  bed  of  the  river  is 
narrow,  covered  with  shrubs  and  brush,  which  greatly  impede  the  progress 
of  man  and  animal.  Dry  washes  coming  from  the  north  are  cut  deeply 
into  the  yielding  sedimentary  beds.  Throughout  the  district,  west  of 
the  Great  Hogback,  the  topographical  features  of  the  region  are  remark- 
ably uniform.  ^^  Like  cause  produces  like  effect"  finds  another  applica- 
tion here.  We  find  but  very  8ulK>rdinate  changers  in  the  lithological 
constitution  of  the  sedimentary  beds,  and  in  accordance  therewith  we 
notice  tbat  the  general  features  observed  undergo  but  slight  changes. 

As  a  rule,  it  may  be  stated  that  the  shales  and  marls,  whenever  suffi- 
ciently compact,  have  produced  steep,  inaccessible  cliffs,  while  the  sand- 
stones and  sandy  shales  form  more  gentle  slopes.  Sandstones,  mostly, 
can  be  found  as  the  capping  of  low  bluffs,  which  they  have  protected 
Irom  erosive  influences,  thus  giving  rise  to  their  formation. 

Many  detail  features,  due  partly  to  erosion,  partly  to  vertical  cleavage 
of  the  strata,  were  noticed,  and  will  be  reterned  to  at  the  proper  place. 
Inasmuch  as  certain  geological  formations  comprise  similar  or  identical 
strata  (liihologicaliy  speaking)  within  circumscribed  areas,  occurrences 
of  such  a  nature  may,  locally,  be  regarded  as  characteristic  of  well-de- 
fined geological  groups.  Viewing  the  subject  from  this  standpoint,  the 
^'monuments"  and  other  minor  orographic  features  t)ecome  of  import- 
ance to  the  geologist  exploring. 

In  the  subsequent  pages  space  will  be  devoted  to  a  short  discussion 
of  the  influence  that  stratigraphy  and  the  lithological  character  of  strata 
have  uDon  the  orography  in  general,  and  upon  that  observed  in  Colo- 
rado in  particular.  To  the  field-geologist,  who  is  required  to  accomplish 
his  work  with  as  much  accuracy  as  possible  in  a  very  short  time,  hints 
furnisbed  by  exterior  physical  appearance  are  of  the  greatest  value. 
Colorado,  perhaps  more  than  many  other  regions,  furnishes  excellent 
material  for  a  consideration  of  this  subject,  and  at  the  end  of  the  report 
on  tbat  State  a  brief  treatise  thereupon  may  justly  find  its  place. 

VEGETATION. 

Each  special  region  of  the  country  has  its  own  more  or  less  charac- 
teristic shrubs  and  trees.    In  the  low  valleys  and  along  the  plateau-lik^ 
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ridges  we  flud  sage  brash  {ArtemiHa  Ludoviciana)  covering  the  groand. 
Oreasewood  (Sarcohatus  vermiculntm)^  growing  most  laxariautlj  in  the 
dry  valleys,  is  interspersed  tbroaghont.  In  the  moist  valleys  willows 
(Salix  nigra)  occar  in  dense  masses  ,ot'teu  very  effectually  blocking  the 
passage  of  a  pack-train.  Small  trees,  bearing  the  buffalo  berry  (Shepardia 
argentea)  and  service-berry  bushes  (AmeUinchier  alnifolia)  are  found 
together  with  them.  These  latter  may  serve  as  a  hypsometric  guide, 
occarring  in  that  latitude  rarely  above  7,000  feet  elevation.  Another 
tree  that  may  be  utilized  in  the  same  way  is  the  quaking-asp  (Populus 
treinuloides).  It  was  noticed  that  this  tree,  as  is  the  case  with  all 
8alic€ej  is  mostly  found  near  moist  places,  and  it  is  frequently,  there- 
fore, regarded  as  indicating  the  presence  of  water.  In  this  we  were 
often  mistaken,  however,  but  found  that  where  it  grew  in  dry  (tempo- 
rarily so)  places,  it  invariably  selected  the  northern  or  northwestern  slope 
of  a  valley  or  caflon.  Two  circumstances  combine  to  render  these  expo- 
snres  more  favorable  to  the  reception  and  retention  of  moisture,  the 
prevailing  vapid  winds  and  the  absence  of  sunshine  during  a  considera- 
ble portion  of  the  day.  Quaking-asp  sets  in  at  an  elevation  of  about 
7,500  feet  above  sea-level.  In  the  larger  river-valley  groves  of  cotton- 
wood  (Populus  haUamifera)  afford  excellent  camping  places.  They  grow 
to  considerable  height,  and  the  bottom  of  the  groves  is  generally  free 
from  underbrush.  All  the  low  bluffs  and  ridges  are  covered  with  pinon 
[Pinus  edulia)  and  juniper  {Juniperus  communis).  The  former  bears  small 
nuts  in  its  cones,  which  are  collected  by  the  Indians,  and  serve  as  food,, 
either  raw  or  roasted.  !N^either  of  these  two  trees  grows  to  any  consid- 
erable height,  but  remains  t>mall,  with  strong,  brittle  limbs.  At  about 
the  same  elevation  yellow  pine  (Pinus  ponderona)  occurs  in  our  district, 
though  sparingly.  Higher  the  white  pine  (Abies  Engelmanni)  is  found, 
mostly  only  in  some  of  the  gulches  and  ravines  leading  down  from  the 
summit  of  the  Book  Cliffs. 

Very  little  tall  timber  occurs  in  the  district,  owing,  no  doubt,  to  the 
comparatively  small  supply  of  water.  During  the  time  occupied  by  our 
work  in  that  region  we  had  very  little  rain,  and  in  all  probability  the 
season  was,  in  that  respect,  not  an  exceptional  one.  Snow  during  the 
winter,  beginning  early  and  lasting  long,  supplies  in  a  great  measure 
the  moisture  for  a  large  portion  of  the  area,  which  during  the  summer 
receives  none  except  that  from  dew  and  occasional  rain. 

It  seems  improbable  that  any  section  of  that  region  should  ever  be 
settled,  excepting  the  broad  valleys  along  White  River.  There,  by 
means  of  irrigation,  fair  crops  may  be  raised,  that  will  repay  the  labor 
bestowed  upon  them.  Mr.  Danforth,  Indian  agent  at  the  White  Iliver 
Agency,  has  made  some  very  successful  attempts  at  raising  wheat,  oats, 
potatoes,  and  other  vegetables.  By  demonstrating  to  his  Ute  Indians 
the  benefits  derived  from  a  comi>aratively  small  amount  of  labor,  he 
has  induced  a  number  of  them  to  follow  his  exam|)le.  They  have  ob- 
tained very  satisfactory  results,  and  were,  at  the  time  of  our  visit,  well 
pleased  with  the  experiment.  On  the  ridges  leading  to  the  summit  of 
the  plateau  and  along  the  watered  valleys  there  is  good  grazing,  and 
those  portions  would  answer  well  as  a  summer-range.  Before  the  com- 
pletion of  the  transcontinental  railroad  a  wagon  road  was  projected  and 
partly  completed,  following  down  the  White  and  from  the  Green  Biver 
westward,  extending  to  California.  It  is  known  as  Berthoud's  wagon- 
road.  The  building  of  the  railroad,  however,  made  an  overland  wagon- 
route  superfluous,  and  the  work  was  dropped.  Game  seems  to  be  abun- 
dant in  the  higher  portions  of  the  district,  but  is  very  shy. 


CHAPTER    II. 


GENEEAL  GEOLOGY. 

In  tbe  district  examined  dariDg  1876  the  variety  of  geological  forma- 
tioDS  is  very  limited.  It  may  be  well  to  state  that  on  the  east  side  con- 
nection is  made  with  the  work  of  the  late  Mr.  Marvine,  which  he  accom- 
plished during  1874,  and  on  the  sonth  with  Dr.  Peale,  1876;  on  the  west 
I  nearly  join  with  Major  Powell,  and  on  the  north  my  northern  border 
was  the  sontbern  one  of  Professor  White.  Fortunately  for  the  peace 
and  happiness  of  the  formations  involved,  these  latter  are  at  all  points 
very  characteristic,  so  that  no  misapprehensions  exist  regarding  their 
age. 

On  the  east  we  find  the  oldest  group,  that  of  the  **Eed  Beds.''  They 
are  sufficiently  well  developed,  and,  as  usual,  marked  in  so  decided  a 
manner  that  no  mistake  regarding  their  identity  could  occur,  in  spite  of 
an  entire  absence  of  fossils.  To  a  certain  extent  they  have  been  dis- 
turbed by  local  plications  and  faults,  although  their  general  trend  is  in 
conformity  with  that  ot  overlying  younger  beds.  In  cafions  they  appear, 
rarely  reaching  to  the  summits  of  any  of  the  more  elevated  points, 
although  farther  east  they  no  doubt  can  be  found  higher  up.  Superin- 
cumbent upon  them  are  the  Jurassic  and  Cretaceous  beds.  The  latter 
formation  is  represented  by  three  groups,  the  Dakota,  Colorado,  and 
Fox  Hills  groups.  Of  these  the  first  forms  prominent  hills  south  and 
southwest  of  the  agency,  showing  a  considerable  thickness.  Its  distri- 
bution is  one  following  an  approximate  north  to  sonth  line,  parallel  to 
the  strike  of  the  strata.  Upon  this  series  of  sandstones,  that  retain 
their  well-known  characteristics,  are  deposited  the  Colorado  shales.  As 
usual,  these  have  -afforded  an  opportunity  for  the  formation  of  deep, 
narrow  valleys,  bordered  on  the  east  by  the  Dakota  beds  and  on  the 
west  by  the  Fox  Hills  group.  Owing  to  their  peculiarly  *'  tough  ^  nature, 
the  shales  do  not  permit  the  water  to  sink  down  to  any  considerable 
depth,  but  as  soon  as  the  superficial  strata  are  sufficiently  saturated  the 
water  is  forced  to  flow  off,  thus  producing,  in  these  valleys,  streams  that 
are  not  dry  even  during  the  hottest  season  of  the  year.  At  some  points 
tbe  Colorado  shales  form  the  base  of  the  long  hogback  ridge  running 
from  the  White  to  the  Grand.  Above  them  Fox  Hills  beds  close  the 
Cretaceous.  Their  vertical  development  is  but  inconsiderable  as  com- 
pared to  that  of  Southern  Colorado.  Throughout  the  entire  formation 
fossils  are  rare,  save  the  most  common  species.  This  is  to  be  regretted 
all  the  more  in  the  upper  members  of  the  Fox  Hills,  as  a  liberal  supply 
of  characteristic  fossils  would  greatly  facilitate  the  accurate  definition 
of  the  boundary-line  between  the  Cretaceous  and  the  succeeding  Post- 
Cretaceous. 

Of  the  Tertiary  formation  two  groups  are  represented,  the  Wasatch 
and  Green  River.  They  follow  each  other  in  the  regular  succession,  and 
are  perfectly  conformable  with  each  other,  as  well  as  with  the  under- 
lying Ibrmations.  Although  palteontologieal  evidence  iu  these  groups 
is  sadly  wautiiig,  it  has  still  been  possible,  from  correlation  partly, 
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to  determiDe  their  geological  position.  The  first  group  appears  but 
snbordiuately  in  the  district,  but  the  Green  Eiver  covers  a  very  large 
area.  It  composes  the  entire  mass  of  the  Book  Cliffs,  and  extends 
northward  beyond  White  Biver.  A  gentle  northerly  inclination  of  its 
strata  has  produced  the  long,  narrow  ridges,  separated  by  more  or  less 
steep  caHons.  Readily  eroded  material  composes  the  beds,  and  they 
have  offered  but  slight  resistance  to  the  action  of  water,  and,  in  some 
instances,  ice  combined. 

Gradually,  as  our  knowledge  of  the  Genozoic  formations  of  the  Bocky 
Mountains  and  contiguous  areas  increases,  we  are  enabled  to  produce 
a  more  definite,  more  acceptable  classification.  It  is  certainly  a  great 
temptation  to  distinguish  groups  by  local  names,  thus  facilitating 
description  and  geological  chronology,  but  it  leads  to  confusion,  and 
consequently  to  inferior  value  of  the  results  obtained.  It  will  be  my 
endeavor  in  the  subjoined  pages  to  correlate  the  facts  observed  with 
others  already  known,  but  to  avoid,  so  far  as  consistent  with  the  recog- 
nition of  these  facts,  the  premature  accei>tance  of  any  local  subgroups. 
In  this  way  only  can  we  eventually  arrive  at  a  comprehensive  view  of 
the  entire  series  of  Genozoic  groups  of  the  West.  After  once  this  series 
has  been  well  established,  and  its  various  members  have  been  assigned 
respectively  to  their  proper  (positions,  then,  and  no  sooner,  will  be  the 
time  to  make  subdivisions  for  the  purjiose  of  expressing  systematic  classi- 
fication— the  increased  knowledge  we  have  of  the  subject.  Besides  Ter- 
tiary we  find  lake  and  drift  deposits  in  the  district.  Tbe  former  are  not  to 
be  referred  to  any  division  of  a  special  period,  but  merely  represent  the 
an<j^ent,  perhaps  not  very  remote,  existence  of  lakes  at  certain  localities. 
Drift  occurs  as  usually  along  the  streams,  and  in  some  instances  seems 
to  owe  its  present  position  to  the  action  of  glaciers.  This  will  be  dis- 
cussed at  greater  length  below. 

STRATIOBAPHY. 

In  its  general  features  the  stratigraphy  of  our  district  is  very  simple. 
We  have,  mainly,  a  westerly  and  then  northerly  dip  of  the  strata,  varied 
only  by  local  folds  and  flexures.  Dr.  White,  whose  district  adjoins  mine 
on  the  north,  has  there  found  very  important  folds,  forming  continua- 
tions of  and  connections  witb  others  far  distant.  He  will  treat  of  them 
folly  in  his  report  which  is  contained  in  this  volume.  At  no  point,  ex- 
cepting along  the  Hogback  Kidge  between  tbe  White  and  the  Grand, 
do  any  of  the  folds,  observed  farther  north  by  him,  extend  into  my  dis- 
trict, save  for  the  distance  of  a  few  miles  only.  At  the  proper  place 
they  will  be  discussed,  so  far  as  a  discussion  of  mere  fragments  is  possi- 
ble. Here  mention  shall  merely  be  made  thereof  as  to  the  character  and 
locality  of  their  occurrence. 

Following  along  the  eastern  side  of  tbe  Hogback  Bidge  we  find  that 
a  series  of  local  disturbances  have  taken  place ;  the  most  distant  results, 
probably,  of  serious  and  extensive  folding  and  plication  farther  east. 
They  are,  however,  of  but  small  dimensions,  and  the  vertical  dislocations 
produced  have  had  but  little  influence  in  determining  the  configuration 
of  the  region.  As  a  rule,  it  may  be  stated  that  tbe  strata  dip  westward 
generally  at  an  average  angle  of  8^.  With  the  Hogback,  however,  we 
find  a  change.  Along  its  northern  end  the  dip  is  not  much  incre^ied^ 
but  travelling  south  we  find  that  it  grows  steeper.  At  Station  5,  on  the 
drainage  of  tbe  Grand,  the  strata  stand  on  end,  gradually  assuming  a 
gentle  dip  again,  farther  west.  This  is  one  of  those  instances  that  have 
80  often  been  observed  along  the  Front  Bange,  where  the  dip  in  the  imme- 
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diate  vicinity  of  the  foot-hills,  or  mooDtains,  is  a  steep  one ;  bnt  soon  the 
strata  assume  a  nearly  horizontal  position  again.  As  we  go  westward, 
along  tbe  crest  of  Book  Cliffs,  we  observe  nothing  bnt  a  slight  inclina- 
tion a  little  west  of  north,  averaging,  probably,  2^  or  3o.  This  is  con- 
stant throughout,  from  the  western  dope  of  the  Hogback  to  the  west- 
ern terminus  of  our  district  No  variation  can  be  observed  from  this 
general  rule  until  we  approach  the  White  Biver  from  the  south.  Here 
we  find  the  last  remnants  of  those  flexures  that  have  been  mentioned 
as  occurring  in  Dr.  White's  district.  About  5  miles  below  the  agency 
the  first  instance  of  this  kind  is  observed.  A  well-expressed  anticlinal 
fold  is  cut  by  the  river,  and  occurs  as  such  for  a  short  distance  farther 
south ;  is  soon  lost,  however,  by  a  flattening  out  and  subsidence  of  the 
di8turbe<l  strata.  Farther  north  this  is  well  developed,  and  forms  a 
prominent  feature  of  the  district.  Still  lower  down,  on  the  river,  at 
Haven's  Park,  another  remnant  of  a  most  interesting  uplift  reaches 
southward  across  the  river.  In  that  park,  a  level,  approximately  oval 
valley,  the  lower  Cretaceous  beds  are  exposed  in  consequence  of  liaving 
been  raised  to  their  present  position.  On  all  sides  of  the  valley  the 
bluffs,  composed  of  younger  strata,  dip  off*  in  every  direction.  Those 
having  an  inclination  toward  the  southeast,  south,  and  southwest,  fall 
witbin  the  limits  of  my  district,  and  form  a  series  of  rather  prominent 
hogbacks,  grouped  in  an  almost  regular  curve  south  of  the  White. 
From  that  locality,  down  the  river,  no  further  disturbance  was  noticed. 
The  general  dip,  a  little  west  of  north,  sets  in  again,  and  remains  con- 
stant as  far  as  our  explorations  extended. 

It  will  be  seen,  from  these  remarks  upon  the  general  stratigrapjiy, 
that  the  region  examined  by  our  party  during  the  season  is  one  which 
was  subjected  to  but  few  of  the  disturbing  influences  that  wrought  such 
thorough  changes  farther  east  in  the  Elk  Mountains  and  west  in  the 
Uintas.  Whatever  action  may  have  produced  the  plications  observed, 
however  extended  that  may  have  been,  tbe  region  south  of  White  River 
is  tbe  one  where  first  again  we  notice  normal  conditions  of  the  structure. 
South  of  it  this  continues  for  some  distance  until  the  great  folds  found 
by  Dr.  Peale  are  encountered.  iSo  far  as  the  stratigraphy  is  concerned, 
therefore,  we  have  but  few  and  not  very  extensive  exceptions  to  note, 
to  the  evidence  of  normal,  almost  undisturbed  deposition. 

JUBA-TBIAS. 

Red  Beds, — From  Marvine's  district  of  1874  the  palsBOzoic  formations 
extend  westward,  just  reaching  the  eastern  border  of  our  work.  The 
groups  forming  the  area  directly  east  of  our  section  belong  mainly  to 
the  Carboniferous  series.  As  a  rule  the  dip  of  the  strata  is  toward  the 
west,  but  local  plications  and  small  faults  have  produced  some  disturb- 
ances that  are  of  small  extent,  however.  Resting  conformably  upon  the 
Oarboniferous,  which  does  not  enter  into  consideration  in  this  report,  are 
the  Mesozoic  beds.  The  series  commences  with  the  characteristic  group 
of  the  "  Red  Beds,"  to  which  has  been  assigned  a  Triassic  age.  In  no  man- 
ner were  they  observed  to  differ  particularly  from  those  observed  on  the 
eastern  slope  of  the  Front  Range.  Most  likely  their  vertical  develop- 
ment is  somewhat  larger  here  than  there,  but  in  all  lithological  and 
stratigraphical  features  they  agree  closely.  Owing  to  the  development 
of  superincumbent  Jurassic  and  Cretaceous  strata  the  Red  Beds  appear 
within  our  district  generally  in  the  caiions,  and  only  in  some  instances 
do  they  reach  more  elevated  portions.  According  to  Marvine's  survey, 
the  Red  Beds  cross  the  White  River  about  2  miles  above  the  agency. 
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and  their  western  edge  follows  a  soatliwesterly  direction.  lu  1876 1  first 
noticed  them  from  Station  2,  which  is  loctUed  at  an  elevation  of  9,2S3 
feet  on  Dakota  sandstone.  There  the  red  sandstones  appear  in  the  steep 
canons  immediately  adjacent,  showing  small  local  faults.  They  have  a 
general  dip  to  the  westward  of  about  6^  to  8^,  which  is  sometimes 
varied,  however,  on  account  of  disturbances.  Continuing  southward 
they  gradually  rise  to  higher  elevations  until  their  highest  point  within 
our  district  is  reached  at  Station  3,  an  altitude  of  9,D04:  feet.  Eidges 
and  cafions  extending  southward  are  composed  of  strata  l)elonging  to 
the  same  g7*oup.  In  the  deep  caiions  southeast  of  the  station  the  Car- 
boniferous beds  crop  out,  but  are  soon  covered  by  younger  beds.  Far- 
ther east,  in  Marvine's  district.  Carboniferous  strata  cover  an  extensive 
area,  but  in  oar  section  they  appear  only  as  small  exposures  in  the  deep- 
est canons. 

From  that  point  on,  the  Red  Beds  follow  a  line  of  exposure  about 
southeast,  parallel  in  its  general  course  with  the  Great  Hogback  Eidge. 
The  sandstones  eastward  run  up  high  on  the  slopes  of  the  hills,  reach- 
ing a  thickness  there  of  about  2,000  feet.  A  section  (Section  I)  taken 
a  little  north  of  Station  2,  shows  the  general  vertical  distribution  of 
the  strata,  and  a  small  fault,  about  600  feet  in  height,  one  of  a  num- 
ber occurring  in  that  locality.  Massive  beds  of  red  sandstone  (a) 
are  overlaid  by  a  series  of  grey  shales  and  marls  (5),  interstratified  with 
thin  beds  of  sandstone.  These  belong  to  the  series  that  is  generally 
quoted  as  Jurassic  and  has  been  so  colored  on  the  map.  Yellow  and 
whitish  sandstones  (c)  of  the  Dakota  Group  occur  above  the  light-grey 
maris,  and  are  in  turn  covered  by  the  Colorado  shales  {d).  Above  the 
latter  follow  the  younger  members  of  the  Cretaceous,  reaching  the  Fox 
Hills  group.  In  spite  of  the  disturbances  produced  by  faulting,  the  gen- 
eral westerly  dip  is  noticeable  throughout,  and  is  in  perfect  conformity 
with  nnder-  and  overlying  strata. 

Jura. — Beds  that  have  heretofore,  more  from  their  relative  position, 
perhaps,  than  from  any  direct  evidence,  been  referred  to  this  formation, 
occur  throughout  the  entire  length  of  the  Triassic  outcrop.    The  beds, 
com[>08ed  of  light-grey  marls,  shales,  and  partly  sandstones,  overlie  the 
red  sandstones,  and  share  with  them  in  the  disturbances  and  faults  that 
have  taken  place.    Along  the  western  border  of  the  Triassic  outcrop 
the  Jurassic  exposure  forms  a  long  narrow  strip,  extending  from  the 
White  down  to  Grand  Eiver.    No  fossils  whatever  were  found  in  the 
marls  that  could  furnish  any  clew  as  to  the  geological  age  of  the  series. 
As  stated  above,  their  position  has  been  assigned  to  them  long  ago, 
])artly  on  account  of  some  fossils  found  in  the  same  beds  east  of  the 
Front  Kauge,  partly  on  account  of  their  position  between  the  Eed  Beds 
and  the  undoubted  Cretaceous.    It  is  no  more  than  fair  to  state  that  their 
being  ])laced  into  the  relative  position  they  at  present  occupy  (speaking 
of  both  Trias  and  Jura),  is  subject  to  question.    Until  decisive  pal»- 
ODtological  proof  may  have  been  obtained,  either  confirming  or  refuting 
the  opinion  now  held  and  expressed,  it  is  necessary  to  leave  room  for 
doubt  as  to  their  true  position.    Lithologicolly  and  geognostically  they 
agree  very  well  throughout  Colorado,  so  that  they  can  bo  readily  recog- 
med.    Stratigraphically  they  are  almost  invariably  conformable  with 
older  and  younger  formations,  and  adapt  themselves  to  the  general 
fttTQclure  of  the  region.    It  is  possible  that  future  discoveries  may 
cbange  the  views  we  now  hold  provisionally  with  reference  to  the  Jura- 
Trias,  but  inasmuch  as  classification  is  but  the  expression  of  our  pres- 
ent knowledge,  it  is  perfectly  justifiable  tliat  in  geological  discussions 
^0  groups  should  be  separated.    It  seems  surprising  that  no  palseonto* 
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logical  evidence  spread  over  any  extensive  region  has  been  fonnd  within 
the  limits  of  the  Jora-Trias,  but  we  may  hope  that  some  day  a  lucky 
^^iiud"  will  reward  patient  search  and  set  at  rest  all  doubts  regarding 
geological  age. 

OBETAOEOUS. 

Of  this  formation  we  have  several  groups  represented  in  our  district. 
Instead  of  separating  the  entire  series  of  beds  into  five  numbers,  the 
acceptation  of  the  three  groups,  Dakota,  Colorado,  and  Fox  Hills,  is  by 
far  more  applicable.  All  of  these  are  developed  in  their  regular  suc- 
cession, and  are  found  at  several  localities  within  the  district.  As 
nsual,  they  are  |)erfectly  conformable  to  each  other,  and  show  the  same 
general  characteristics  that  distinguish  them  elsewhere.  The  various 
groups  are  more  favorably  develoi>ed  in  Professor  White's  district,  north 
of  tlie  river;  and  along  the  latter,  only  edges  of  his  Cretaceous  areas 
reach  over  into  my  own  section.  East  of  and  on  the  Grand  Hogback 
Kidge  the  greatest  development  of  Cretaceous  strata  is  found.  In 
reguhir  succession  the  beds  follow  uiK>n  each  other,  disturbed  uniformly 
by  the  force  tbat  produced  the  westerly  dip.  This  at  times  is  steep, 
but  soon,  true  to  the  hogback  character,  becomes  gentle,  and  the  strata 
continues  in  a  nearly  normal  position  under  the  younger  Tertiary  beils 
beyond.  All  the  stratigraphical  structure  is  so  regular  that  it  wiU 
require  but  very  little  discussion,  and  wherever  feiitures  of  any  particu- 
lar interest  may  be  observed,  they  will  be  mentioned  when  speaking  of 
the  locality  where  they  were  found. 

Dakota  Group. — True  to  the  usually  observable  character  of  this 
group,  it  is  here  also  composed  of  the  sandstones  and  narrow  inter- 
strata  of  dark  shales,  toward  the  up|>er  portion  of  the  series.  A  short 
distance  above  the  agency  the  Dakota  sandstones  cross  the  river, 
coming  from  a  more  extensive  area  to  tbe  eastward.  It  torms  the  promi- 
nt^nt  bill  southwest  of  the  agency,  upon  which  Station  1  was  locuiti^d. 
From  there  tbe  outcrop  of  tbe  sandstone  runs  a  little  east  of  south,  op- 
posite tbe  great  Hogback  Eidge.  Near  the  divide  between  the  White 
and  Grand  tbe  Dakota  beds  form  a  sharp  prominent  hill,  commanding 
a  good  view  over  tbe  surrounding  country.  Tbe  elevation  of  this  point 
is  9,283  feet  above  sea-level,  about  1,800  feet  higher  than  the  valley  im- 
mediately west.  Following  along  tbe  outcrop  we  find  that  tbe  relative 
and  absolute  elevation  of  tbe  SHudstone  decreases,  and  tbat  the  higher 
points  are  occupied  by  strata  belonging  to  the  Ked-Bed  series.  Cre- 
taceous, then,  only  flanks  tbe  hi^^ber  bills,  dipping  steeply  toward  the 
west.  Farther  south,  opposite  Station  4,  the  trend  of  the  outcrop  of  Da- 
kota beds  is  no  longer  a  southward  one,  but  veers  off  to  the  southeast. 
There  too  the  angle  of  tbe  dip  diminishes,  and  the  area  covered  by  the 
sandstones  is,  in  consequence,  larger  than  farther  north.  Station  6 
was  located  on  one  of  the  most  prominent  hills,  at  an  altitude  of  8,533 
feet.  There  the  dip,  in  conformity  with  tbe  change  of  the  line  of  out- 
crop, turns  slightly  toward  the  south.  In  the  vicinity  of  the  Grand  the 
outcrop  gradually  becomes  more  narrow  until  it  crosses  the  river.  In 
geniral  chanicter  the  sandstones  of  this  group  agree  closely  with  the 
parallel  ones  observed  elsewhere.  Varying  from  a  yellowish  white  to 
yellow  and  even  brownish  color,  they  present  no  change  from  the  Jades 
that  may  be  regarded  as  characteristic  of  them.  Their  thickness  may 
be  estimated  at  about  1,000  leet.  Among  the  upper  members  thin  inter- 
strata  of  dark,  pjirtly  carbonaceous  shales  may  be  observed.  They  are 
t\])ical  of  this  upper  horizon,  and  may  frequently  aid  in  recognizing  the 
group. 
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In  every  respect  are  the  Dakota  sanddtones  conformable  with  the 
nnderlying  and  overlying  beds,  participating  only  to  a  slight  extent, 
however,  in  the  local  faulting  disturbances  of  the  former.  It  is  highly 
probable  that  we  have  but  the  extreme  western  traces  of  the  extensive 
disturbances  of  the  Elk  Mountain  region.  In  that  case  we  can  assume 
that  the  force  was  no  longer  sufficient  to  produce  any  serious  disloca- 
tions so  far  removed  from  the  central  point  of  acting  force.  Although  the 
general  structural  arrangement  was  no  doubt  occasioned  by  the  agency 
of  this  force,  it  had  alretMly  been  so  far  S|)ent  before  reaching  the  local- 
ities in  question,  that  its  manifestation  there  is  not  a  very  decided  one, 
reganling  local  features  of  structural  changes.  Along  its  western  edge 
the  Dakota  Group  is  everywhere  overlaid  by  Colorado  shales  in  that 
region,  which  latter  dip  off  conformably  with  them. 

This  line  of  outcrop  is  the  only  one  where  Dakota  sandstones  were 
in«'t  with  in  our  district,  if  we  except  a  limited  occurrence  on  the  White 
about  five  miles  below  the  agency.  There  a  slight  upward  folding  of 
the  strata  has  taken  place,  and  the  river  has  cut  through  to  a  sufficient 
depth  to  reach  the  Siindstones.  They  soon  di8api)ear,  however,  being 
covered  by  the  Colorado  shales.  To  the  extreme  regularity  of  strati- 
gi-aphical  structure  farther  west  this  complete  covering  of  older  beds  is 
due.  There  has  been  no  opportunity  afforded  them  to  appear  on  the 
surface  within  our  district  either  by  disturbances  or  by  sufficiently  deep 
erosion  where  the  results  of  stratigraphical  changes  farther  north  have 
affected  the  beds  in  our  district. 

Colorado  Group, — As  indicated  above,  the  shales  of  this  group  occupy 
a  normal  imsition  with  reference  to  the  underlying  sandstones.  They 
contain,  within  their  area,  the  valley  in  which  the  agency  is  located,  and 
skirt  the  hill  of  Station  1,  reaching  from  the  sides  of  the  latter  down  to 
the  White,'tlius  forming  the  grassy,  gentle  slopes  which  descend  toward 
that  river.  True  to  their  usual  characteristics  they  here,  too,  are  found 
developed  in  a  valley.  Separating  the  higher  easterly  hills  from  the 
Grand  Hogback  Eidge  is  a  valley  from  one  to  three  miles  in  width.  It 
ia  very  unilorm,  scarcely  rising  perceptibly  even  at  the  divide  between 
the  White  and  Grand,  near  Station  2,  and  continuing  from  there  down- 
ward with  Ilifle  Creek.  This  entire  depression  is  iormed  by  Colorado 
bhales.  It  is  due  mainly  to  erosion,  which  must  have  commenced  with 
the  initiative  upheaval  of  the  Hogbacks.  Along  the  eastern  edge  of  the 
valley  the  shales  form  low,  rounded  hills,  varying  from  a  dark  grey  to 
yellowish  and  white  color.  Near  the  exit  of  the  valley  into  that  of  the 
Grand  this  feature  is  especially  noticeable.  Numerous  fragments  of 
Inocerami  and  Ostrew  are  scattered  oil  over  the  hills. 

On  this  eastern  side  the  dip  of  the  shales  is  generally  a  steep  one,  con- 
formable with  that  of  the  Dakota  samUtoues;  but  as  we  gradually  ap- 
proach the  base  of  the  Hogback  Ridge,  we  find  that  it  diminishes,  and 
the  shales  dip  under  the  younger  beds  at  an  angle  of  about  Go  to  10^. 
That  they,  mainly,  have  given  rise  to  the  formation  of  the  valley  by 
more  rapidly  yielding  to  erosion,  is  shown  by  the  fact  that  along  the 
entire  Hogback  they  reach  just  about  to  its  eastern  base,  so  that  in 
reality  the  width  of  the  valley  is  determined  i)rimarily  by  the  relative 
dip-angle  of  the  Dakota  sandstones.  Wherever  this  angle  diminishes, 
the  Colorado  shale  area  widens,  and  thus  affords  the  possibility  of  a 
wider  valley.  It  seems  highly  probable  that  a  number  of  the  low  hills 
composed  of  these  shales  were  covered  by  sandstones  belonging  to  the 
succeeding  group,  but  the  eappiiigs  have  been  eroded  away,  and  now 
only  their  induence  in  shaping  the  horizontal  outlines  of  these  bluffs 
reojains  as  pruol  of  a  former  existence  there.    One  small  bluff'  was  found 
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still  rotaiiiiDg  its  protecting  cap,  near  the  Grand.  As  is  the  case  with  the 
preceding  Dakota  Oroap,  the  Colorado  outcrop  follows  the  same  coarse 
indicated  by  the  upheaval,  or  rather  upturn,  of  the  Hogback  liidge,  and 
owing  to  the  stratigraphical  structure  confines  itseU'  to  a  narrow,  long 
strio. 

It  was  a  matter  of  considerable  difficulty  to  make  any  satisfiMStory 
estimate  of  the  thickness  of  the  Colorado  shales,  owing  to  the  want  of 
sufficiently  favorable  outcrops.  By  adding  the  observations  made  at  a 
number  of  localities,  however,  I  have  estimated  it  to  about  900  to  1,100 
feet,  widening,  perhaps,  and  contractingilocally.  Besides  this  exposure 
of  the  shales,  there  is  but  one  more  in  our  district.  This  occurs  on  the 
White  Biver,  a  little  east  of  Station  40,  extending  from  there  up-stream 
about  two  miles  beyond  the  junction  of  Douglas' Greek  with  the  White. 
At  that  place  the  shales  are  exposed  in  a  depression  named  Baven's  Park 
by  Dr.  White.  They  have  appeared  in  consequence  of  an  exceedingly 
interesting  flexure  of  the  strata,  which  has  brought  to  view  them  as  well 
as  the  younger  beds,  elsewhere  hidden  from  sight  by  the  superincum- 
bent strata  ot  the  Green  Biver  Group.  In  speaking  of  the  Tertiary  beds 
the  nature  of  the  flexure  involved  will  be  discussed.  Here  it  may  suf- 
fice to  say,  that  the  shales  are  brought  to-day  and  occupy  an  almost 
perfectly  level  valley  for  about  ten  miles  along  the  river.  Its  maximum 
width  south  of  the  White  is  two  and  a  half  miles.  Farther  north  the 
main  def)ression  is  found,  the  one  quoted  being  merely  its  southern 
edge.    Dr.  Wiiite,  in  treating  of  his  district,  will  speak  of  it  at  length. 

Fox  Hills  Group. — Of  the  three  Cretaceous  groups,  this  one  certainly 
occupies  the  most  prominent,  topographically  speaking,  position  in  our 
district.  In  the  preceding  pages  the  Grand  Hogback  has  freqently  been 
mentioned.  It  rises  abruptly  from  the  valleys  formed  by  the  Colorado 
shales,  shows  a  steep  face  toward  the  east,  and  falls  off  more  or  less 
steeply  westward.  Starting  along  it  from  the  White  Biver  southward, 
we  find  that  its  relative  elevation  is  about  1,000  feet;  but  after  we  have 
crossed  the  divide  between  the  White  and  Grand,  this  is  increased  to 
1,000  feet.  While  north  of  the  divide  the  ridge  is  more  or  less  broken  by 
erosion,  it  presents  an  almost  impenetrable  wall  farther  south.  Passages 
are  afforded  only  by  a  few  openings  that  scarcely  owe  their  existence 
entirely  to  the  action  of  water.  Almost  the  entire  Hogback,  from  the 
White  down  to  the  Grand,  is  formed  by  members  of  the  Fox  Hills  Group. 
In  its  northern  half,  where  it  is  lower,  these  beds  form  both  the  eastern 
face  and  a  large  portion  of  the  western  slope,  but  south  of  the  divide 
they  scarcely  reach  to  the  summit.  We  can  assume  for  the  Fox  Hills 
series  an  average  thickness  of  about  1,500  feet.  It  begins  with 
dark,  soft  shales,  which  are  followed  by  a  characteristic  white  sand- 
stone. This  is  covered  by  a  succession  of  grey  to  yellowish-brown 
shales,  underlying  a  series  of  similarly  colored  sandstones  and  shales. 
In  the  northern  half  of  the  Hogback  the  strata  dip  westward  at  an 
angle  of  15^  to  18^,  but  as  we  proceed  south  we  find  that  this  is  greatly 
increased.  At  the  passage  of  Bifle  Creek  through  an  opening  in  the 
ridge,  tbo  strata  stand  perfectly  on  edge,  but  assume  a  westerly  dip 
agaiu,  which,  in  the  overlying  Tertiary  beds,  rapidly  becomes  very  gen- 
tle. Erosion  has  produced  very  striking  effects  on  the  eastern  slope  of  the 
ridge,  carving  the  soft  and  yielding  strata  into  singularly  regular  ridges 
and  symmetrical  troughs.  Cretaceous  fossils  scattered  through  the 
strata  composing  this  group,  furnish  evidence  as  to  its  relative  position 
and  age,  were  those  not  ahead 3'  furnished  by  the  position  occupied.  It 
has  been  mentioned  in  speaking  of  the  Colorado  Group,  that  the  shales 
of  the  latter  dip  under  the  Fox  Hills  beds  at  the  eastern  base  of  the  ridge. 
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We  can  claim,  therefore,  for  the  highest  Gretaoeoas  of  the  region  all 
those  strata  from  the  base  ap  to  the  post-Cretaceous  horizon. 

The  entire  Hogback  Kidgeis  strocturallyan  extraordinarily  interesting 
occnrrence.  Gootinaing  from  Dr.  White's  district  into  ours,  it  extends 
unbroken  for  a  distance  of  more  than  50  miles  to  the  Grand  River,  and 
crossing  that  enters  Dr.  Peale's  district  In  its  general  structure,  it  is 
entirely  uniform.  A  dip  to  the  westward  is  prevalent,  varying  in  angle, 
however,  and  at  whatever  high  angle  it  may  be  found,  soon  returning 
to  a  lower  one.  Thus  the  same  beds,  that  but  a  short  distance  from  the 
Tertiary  strata,  stand  on  edge,  underlie  the  latter  conformably  sii^  miles 
farther  west,  dipping  at  an  angle  of  about  4P.  These  flexures  are 
thoroughly  characteristic  of  the  Cretaceous  formations  of  the  west ;  and 
we  have  in  this  instance  one,  including  at  the  same  time  post-Cretaceous, 
and  in  part  Tertiary  strata.  The  connection  and  correlation  of  this  ridge 
with  continuations  both,  north  and  south  will  furnish  a  clew  to  the  causes 
for  its  existence. 

On  the  White,  oear  Station  40,  we  find  another  outcrop  of  the  Fox 
Hills  Oronp,  in  connection  with  that  of  the  Colorado  shales.  It  is  con- 
formable with  the  latter,  and  varies  in  no  particular  feature  from  the 
groap  elsewhere,  neither  in  lithological  character  nor  in  the  arrange- 
ment of  Its  strata.  With  this  group  the  occuiTence  of  Cretaceous  beds 
in  our  district  closes.  The  area  occupied  by  the  formation  is  a  very 
mnch  restricted  one,  and  one  showing  exceedingly  regular  stratigraph- 
ical  arrangement.  The  total  area  covered  by  Cretaceoas  beds  within 
oar  district  amount  approximately  200  square  miles.  This  is  a  very  small 
portion  of  the  entire  area  only,  and  in  consequence  of  the  comparative 
simplicity  of  stratigraphical  features,  the  Cretaceous  formation  there 
presents  but  few  localities  of  special  interest. 

POST-GRETAGEOUS. 

Laramie  Chroup. — In  our  district  of  1876  it  becomes  a  matter  of  con- 
siderable difficulty  to  draw  the  boundary-line  between  the  Fox  Hills  and 
the  succeeding  Laramie  Group.  Both  the  upper  members  of  the  former 
and  the  lower  ones  of  the  latter  are  composed  of  series  of  sandstones 
and  shales  alternating.  In  both  these  groups  the  sandstones  and  shales 
are  very  similar,  so  mnch  so  that  it  is  almost  impossible  to  draw  the 
line  of  distinction  between  the  two.  The  absence  of  any  characteristic 
fossils  is  to  be  regretted,  but  those  that  were  found  certainly  do  not  aid 
in  arriving  at  any  definite  decision.  Professor  White  informs  me  that 
in  his  district  the  circumstances  are  the  same,  and  that  he,  as  well  as 
I  myself,  is  forced  to  make  a  more  or  less  arbitrary  division  be- 
tween the  two  groups.  After  deliberation  I  have  decided  to  begin  the 
Laramie  with  a  series  of  light  yellowish  to  white  shales,  iuterstratified 
partly  with  sandstones  of  the  same  color.  These  are  covered  by  a 
series  of  heavy  sandstone  strata,  separated  from  each  other  by  grey  and 
brownish  shales.  These  are  comparatively  constant  in  their  occurrence, 
and  are  most  typically  developed  in  the  southern  half  of  the  Hogback 
Kidge. 

The  distribution  of  the  beds  assignable  to  this  group  is  very  limited. 
On  White  Biver,  about  fifteen  miles  below  the  agency,  they  first  crop 
out,  forming  a  portion  of  the  bluffs  on  its  south  side.  From  there  they 
coutinne  in  a  narrow  line  due  south,  occurring  along  the  western  slope 
of  the  Orand  Hogback,  and  below  the  divide  between  White  and  Grand 
follow  the  sontheasterly  bend  made  by  it.  The  entire  horizontal  expo- 
sure of  the  group  comprises  but  a  narrow  strip,  although  its  single  mem- 
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bera  are  more  developed  and  angmented  farther  sonth.  While  the  Lar- 
amie beds  are  foond  od  the  west  slope  of  the  hogback  to  the  north, 
they  gradually  reach  to  the  sammit  of  the  ridge  which  they  form  on 
Station  4,  at  an  elevation  of  9,311  feet.  From  there  on  they  continae  on 
the  crest  of  the  ridge,  participating  in  the  varions  dips  as  exhibited  by 
the  older  underlying  strata.  Near  Sifle  Creek  they  stand  on  edge,  but 
soon  dip  more  gently,  conformably  with  the  Fox  Hills  underneath.  In- 
dications of  coal  were  observed  here  in  the  interstrata  of  dark  shales,  but 
at  no  point  were  well-develoi)ed  beds  found.  North  of  the  agency  coal- 
beds  have  been  found  in  the  same  formation,  reaching  a  thickness  of 
about  4  feet.  They  are  located  at  the  southern  entrance  of  Tellow 
jacket  Pass,  and  have  been  prospected. 

Within  our  district  Laramie  strata  occur  but  once  more  besides  at  the 
Hogback,  at  the  same  locality  where  we  find  the  younger  Cretaceous 
beds.  South  of  Station  40  they  form  a  series  of  low  bluffs,  the  strata 
of  which  dip  to  the  southward.  There,  too,  coal  was  observed,  but  its 
quality  was  not  sufficiently  good  to  admit  of  its  use  as  fuel.  It  was 
very  ^'  slaty^  having  a  large  admixture  of  shales  and  marls  within  the 
coal-beds.  It  is  quite  possible,  however,  that  this  is  but  a  local  feature, 
and  that  good  coal,  answering  all  requirements,  may  still  be  found  in 
some  region  where  the  Laramie  Group  is  exposed.  As  is  the  case  with 
the  older  groups,  we  find  that  the  steep  westerly  dip  shown  along  the 
hogback  ridge  soon  allows  the  strata  belonging  to  this  formation  to 
drop  out  of  sight.  They  are  hidden  from  sight  under  the  succeeding 
Tertiary  beds,  and  do  not  again  appear  within  our  district.  Though  but 
a  comparatively  short  vertical  distance  removed  from  the  Tertiary  beds 
that  compose  the  remainder  of  the  area,  the  extreme  regularity  of  dip 
shown  by  the  latter  excludes  the  probability  of  their  being  exposed  in 
any  other  than  the  quoted  regions  of  our  district. 

TEBTIABY. 

Groups  belonging  to  this  formation  extend  over  by  far  the  greatest 
portion  of  our  district.  More  than  3,000  square  miles  are  covered  by 
them.  Resting  conformably  upon  the  beds  of  the  Laramie  Group,  they 
.  extend  westward  to  the  border  of  the  area  surveyed  in  one  unbroken 
mass.  In  previous  pages  the  structure  of  the  Book  Cliffs  has  been  re- 
marked upon.  The  cliffs  proper  are  no  more  than  the  steep  southern 
face  of  a  high  plateau  which  has  a  gentle  slope  to  the  northward. 
Their  eastern  border  may  be  said  to  begin  where  the  slope  of  the  Grand 
Hogback  ends.  Occupying,  as  it  were,  a  neutral  position,  the  strata 
composing  this  plateau  have  been  subjected  neither  to  the  disturbances 
emanating  from  the  Uinta  Group,  nor  have  those  from  the  Elk  Moun- 
tains had  any  appreciable  effect  upon  them.  Thus  it  occurs  that  the 
strata  are  found  in  a  position  which  is  varied  from  the  normal  only  in 
so  far  as  they  have  been  subjected  to  a  rise  in  the  southern  or  a  sub- 
sidence in  the  northern  portion.  They  cover  all  those  groups  and 
formations  that  we  have  seen  pass  under  them  west  of  the  Hogback 
Itidge. 

Two  divisions  only  of  the  Tertiary  are  found  within  the  borders  of 
our  divStrict,  the  Wasatch  and  the  Green  River  Groups.  Of  these,  the 
latter  has  been  divided  into  two  subgroups  by  Powi^U — into  the  loicef 
and  the  upper.  I  am  unable  to  see  the  necessity  for  such  division,  al- 
tliODfifh  it  would  bc>  a  welcome  one,  so  far  as  the  appearance  of  a  ^e€>— 
logical  map  of  that  section  of  country  is  concerned.  A  change  takee 
place   in  the  lithological  composition  of  the  str<ata,  but  I  do  not 
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jnird  that  and  the  results  thereby  prodaced  as  sufficient  groaud  for  snb- 
diritfion.  Besides  this,  I  have  uot  foand  any  other  feature  or  charac- 
teristic npon  which  to  base  a  separation. 

In  speaking  of  the  Tertiary  groups  below,  the  older  one — Wasatch — 
will  first  be  discussed,  and  then  will  follow  the  Green  Eiver,  which  com- 
prises very  nearly  the  entire  district,  and  even  extends  beyond  its  limics 
into  the  regions  examined  by  Drs.  White  and  Peale.  Of  more  interest 
than  the  geognostic  are  the  orographic  features  of  this  area,  inasmuch 
M  they  afford  an  excellent  example  of  the  enormous  influence  that  long- 
eontinaed  erosion  can  produce  where  it  takes  place  under  favorable  con- 
ditions. The  general  and  even  slope  of  the  plateau  and  the  softness  of 
the  strata  form  a  combination  that  must  be  productive  of  the  most  com- 
plete results. 

Wagateh  Oroup, — Again  we  begin  with  the  region  of  the  Grand  Hog- 
back, as  affording  the  most  typical  occurrence  of  be<is  belonging  tx>  tbis 
group.    A  series  of  low,  bluff  like  bills,  covered  with  cedars  and  scat- 
tering pifions,  occurs  west  of  the  hogback  slope  in  ihe  vicinity  of  White 
Biver.    They  extend  northward  into  Professor  White's  district.    Sand- 
stones and  generally  light-colored  shales  compose  them,  and  weatiier 
readily  into  ever-changing  forms  that  keep  fresh  the  colors  exhibited 
by  the  strata.    Continuing  in  a  southerly  direction,  they  gradually  get 
narrower,  being  encroacbeil  upon-  by  the  Green  Eiver  beds  setting  iu 
from  the  west.    South  of  Station  4  the  minimum  width  is  reached, 
where  the  hogback  allows  the  formation  of  but  a  narrow  valley  between 
itself  and  the  eastern  edge  of  the  Book  Cliffs,   These  latter  swing  around 
to  the  southwest  soon  however,  and  a  comparatively  low  area  of  triangu- 
lar shape  is  enclosed  between  them,  the  Grand  Biver  on  the  sontb,  and 
the  southern  end  of  the  hogback.    Strata  belonging  to  the  Waeatch 
Group  form  the  bluffs  and  low  tables  within  this  area.    Viewed  from 
Station  5,  on  one  of  the  prominent  points  of  the  hogback,  southeast  of 
Bifle  Creek  Canon,  the  appearance  of  the  low  portion  of  country  thus 
enclosed  is  a  very  characteristic  one.    Leaning  against  the  steepiydip- 
piog  strata  of  the  Laramie  Group  are  the  Wasatch  beds,  which  very 
rapidly  lose  their  steep  dip,  however,  and  spread  out  in  narrow  ridges, 
hogbacks,  and  tables  in  the  valley.    Upon  first  sight  the  general  ap- 
pearance strikingly  resembles  that  of  the  Puerco  marls  in  Southern 
Colorado.*     Variegated  sandy  and  marly  shales,  interstratified  with 
sandstones,  form  the  hills.   Colors  varying  from  white  to  grey,  yellowish, 
greenish,  pink,  red,  brown,  and  purple,  and  exhibiting  many  shades, 
tend  to  enliven  the  monotony  of  the  otherwise  dreary  scenery  at  that 
locality.    PiOons  and  cedars  cover  the  hills,  representing  the  only  green 
vegetation  that  can  flourish  in  the  poorly  watered  spot.    A  general  dip 
off  from  the  hogback,  i.e.  toward  the  southwest,  veers  more  to  the  west 
as  we  approach  the  edge  of  the  Book  Cliffs,  and  as  the  Wasatch  strata 
dip  under  them,  they  acquire  the  gentle  northerly  dip  that  is  prevalent 
among  the  Green  Biver  beds.    All  along  the  base  of  the  clifis,  so  far  as 
within  our  district,  the  variegated  beds  may  be  traced ;  they  cover  but 
a  very  small  area,  and  most  frequently  appear  only  in  the  lower  portion 
of  the  precipitous  face  shown  by  the  cliffs.    Dr.  Peale  has  found  Lara- 
mie occurring  there  also.    I  did  not  observe  this  latter  group  within  my 
area,  although  it  is  possible  that  it  may  exist  some  distance  down  the 
Grand,  and  there  be  obscured  either  by  the  drift  or  by  the  Wasatch  beds. 
Laramie  no  doubt  dips  under,  together  with  the  Wasatch,  but  does  uot 
appear  clearly. 

•Comp.  Rep.  U.  S.  Geol.  Surv.,  Id75,  p.  189. 
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For  a  considerable  distance  along  White  River,  Wasatch  beds  crop 
oat  on  the  south  side,  being  a  contiu nation  of  the  more  extensive  devel- 
opment farther  north  in  Dr.  White's  district.  Although  comparatively 
subordinate  in  their  occurrence,  they  are  represented  sufficiently  to  influ- 
ence the  general  appearance  of  the  southern  banks  of  the  river.  Erom 
there  they  extend  upward  into  the  valleys  of  a  number  of  the  Whitens 
tributaries,  but  are  soon  covered  by  Green  Biver  beds  on  account  of 
their  dip.  Wherever  they  do  reach  over  into  my  district  their  presence 
is  due  to  some  stratigraphical  disturbance,  the  main  portion  of  which  is 
north  of  the  river.  At  times  these  disturbances  have  l)een  productive 
of  very  decided  changes  in  the  orographical  features  of  the  region, 
greatly  contusing  the  regular  system  of  subordinate  ridges  and  valleys 
that  is  so  admirably  developed  farther  south.  There  the  regular  dip 
and  the  average  homogeneousness  of  the  strata  has  produced  results 
that  might  almost  be  regarded  as  schematical  in  their  regularity,  both 
of  form  and  distribution.  As  soon,  however,  as  any  disturbance  of 
this  normal  condition  occurs,  this  almost  ideal  arrangement  of  elevations 
and  depressions  at  once  disappears.  Thus,  while  the  topography  of  our 
district— one  of  minimum  disturbance— may  serve  as  a  model,  that  of 
the  one  adjoining  it  at  the  north  is  by  far  more  complicated. 

On  White  Eiver,  near  Station  40,  is  another  tztensive  outcrop  of  the 
Wasatch  Group.  It  is  the  highest  of  the  series  that  has  been  brought 
to  exposure  by  the  main  upheaval  occurring  in  Professor  White's  dis- 
trict. In  preceding  pages  the  occurrence  of  Colorado,  Fox  Hills,  and 
Laramie  beds,  successively,  has  been  mentioned  as  existing  at  the  same 
locality,  and  we  now  have  to  add  the  last  member  thus  disturbed  from 
its  normal  position  to  the  list.  From  a  distance  already  it  had  beea 
noticed  that  the  strata  exposed  along  Douglas  Greek  differed  in  general 
appearance,  color,  and  shape  of  hills  from  those  surrounding  them. 
Upon  examination  it  was  seen  that  this  was  due  to  the  existence  of  Wa- 
satch beds  at  that  locality.  By  virtue  of  the  upheaval  which  has  thrown 
the  entire  lower  series  up,  south  of  the  river,  the  Wasatch,  together  with 
the  others,  acquired  a  southerly  dip.  As  the  Green  Eiver  strata  were 
raised  at  the  same  time,  subsequent  erosions  produced  an  exposure  of 
the  former  along  the  lowest  portions  of  the  Douglas  drainage. 

The  upheaval  itself  is  a  curious  one.  It  has  produced  an  approxi- 
mately oval  arrangement  of  hogbacks,  composed  of  Fox  Hills  beds, 
which  dip  off  from  a  definite  center  in  every  direction.  Enclosed  by  them 
is  a  nearly  level  valley  containing  Colorado  shales.  Outside  of  this  inner 
circle  of  hogbacks  are  several  o^^ers,  each  one  exhibiting  the  beds  of 
one  of  the  succeeding  higher  strata.  It  is  owing  to  this  that  we  find 
south  of  the  river  a  concentric  arrangement  of  strata  grouped  in  accord- 
ance with  their  geological  age.  Professor  White  will  treat  of  this  sub- 
ject more  fully,  and  I  therefore  refer  to  his  report  for  information  thereon. 

Ascending  Douglas  Creek  we  find  the  exposure  of  Wasatch  beds  on 
either  side.  They  gradually  lose  their  southerly  dip,  become  horizonUil, 
and  finally  dip  northward  until  they  once  more  disappear  under  the 
heavy  strata  of  the  Green  River  Group.  Here,  too,  in  the  bluffs  and 
the  lower  portion  of  canons,  the  variations  in  color,  as  exhibited  by  the 
strata,  can  be  observed,  altliouf^li  not  so  strikingly  as  in  the  locality 
north  of  the  Grand.  More  particularly  one  stratum  can  serve  as  a  well- 
defined  and  easily-recognizable  horizon.  This  is  composed  of  a  bed  of 
sandstone,  about  IGO  feet  in  thickness,  of  a  brick-red  color.  It  can  be 
traced  from  a  distance  for  many  miles  along  the  creek,  and  serves  as  a 
landmark  for  identification.  At  other  localities,  contiguous,  however,  it 
was  also  noticed,  and  then,  too,  in  the  same  relative  position. 
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A  sectioD  taken  along  this  creek  gave  a  result  which  places  the  thick- 
ness of  the  Wasatch  Group  of  that  region  at  about  1,500  feet.  It  is  pos- 
sible that  in  this  section  some  beds  may  be  included  that  ought  prop- 
erly be  referred  to  the  Laramie;  but  the  line  of  peparation  cannot  be 
drawn  with  precision,  unless  as  the  result  of  very  careful  detail  studies. 
Taking  the  group  as  I  had  determined  its  vertical  extent  in  the  field, 
we  find  the  following  result  (a  being  the  highest  stratum) : 

(a)  Yellow  sandstones,  middle-grained,  partly  shaly,  and  con- 
taining narrow  interstrata  of  dark  shales 180  feet. 

(ft)  Dark  greyish-brown  shales,  containing  indistinct  remains 

of  plants 30  feet. 

(c)  Massive  yellow  sandstone 60  feet. 

(d)  Shales  varying  from  light  yellow  to  brownish,  sometimes 

almost  white  with  a  pink  tinge 210feet. 

(e)  Yellow  massive  sandstones 130  feet. 

(/)  Grey  and  yellowish  shales,  sometimes  quite  dark,  sandy, 

and  containing  thin  interstrata  of  sandstones 110  feet. 

{g)  Brick-red  sandstone,  weathering  readily ;   color  constant 

throughout  the  stratum 160  feet. 

(k)  Beddish  to  brown  shales 20  feet. 

(i)  Sandstones,  partly  massive,  partly  shaly,  containing  thin 

interstrata  of  shales 250  feet. 

{i)  Yellow,  grey,  and  whitish  shales  and  marls 100  feet. 

(l)  Heavy  beds  of  yellow  to  white  sandstones 230  feet. 

In  the  upper  members  of  the  Wasatch,  beds  of  coal  are  found  within 
our  district.  These  are  not  very  extensive,  however,  nor  is  the  quality 
a  particularly  fine  one.  Admixtures  of  shale  make  it  ^'  slaty,"  and  upon 
exposure  it  readily  weathers  into  small  fragments.  On  Douglas  Creek, 
below  Station  36,  a  rather  interesting  case  was  noticed,  illustrative  of 
the  recession  and  advance  of  the  water  into  which  some  of  the  sand- 
stone beds  were  deposited.  A  sketch  there  taken,  and  repro<luced  as  a 
section  (Section  II),  will  give  an  idea  of  the  appearance  as  shown  upon 
the  vertical  face  of  a  bluff.  A  slight  faolt  (a)  produces  a  local  disturb- 
ance at  the  northern  end  of  the  section.  It  is  simply  a  small  drop, 
which  is  due,  probably,  to  a  subsidence  produced  by  the  erosion  of  some 
of  the  underlying  strata  of  shales.  Alternating  sandstones  and  shales 
compose  the  lower  portion  of  the  bluff.  One  of  the  former  (6)  underlies 
a  thin  stratum  of  dark  shales  (c),  which  in  turn  are  covered  by  a  bed 
of  white  sandstone  {d)  of  varying  thickness.  Upon  this  are  deposited 
two  strata  of  coal  (e)  separated  by  a  thin  layer  of  dark  grey,  carbon- 
aceous shales.  From  the  south  the  waters  again  encroached  upon  the 
land  where  the  coal  was  being  deposited,  and  we  find  a  stratum  of 
white  sandstone,  which  gradually  thins  out  northward  and  finally  dls- 
ap|)ears  entirely,  above  the  coal.  'A  similar  thinniug  out  of  the  upper 
beds  can  be  observed,  that  no  doubt  grow  much  thicker  farther  south. 
The  connection  was  broken  at  the  edge  of  the  bluff  and  the  continuation 
of  the  strata  not  visible.  Either  by  a  gradual  subsidence  of  the  then 
existing  land  or  by  a  rise  of  the  waters  from  the  south  this  effect  was 
produced. 

An  interesting  feature  of  erosive  action  was  observed  at  several 
points  within  the  Wasatch  area.  The  famous  *<  monuments"  of  the 
Pike's  Peak  region  will  be  remembered  by  every  one,  and  also  the 
causes  that  led  and  still  lead  to  their  formation.  We  have  in  the  in- 
stances at  present  under  discussion  an  analogous  case.  Instead  of  sand- 
stones forming  the  base  and  column  of  the  '<  monument,"  we  here  have 
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shales.  Noticeable  throaghont  all  formations  composed  of  so  compres- 
sible a  material  as  shales  aud  marls  are  the  vertical  cleavage  plaues. 
These  extend  through  not  ouly  the  shales,  but  implicate  the  beds  and 
interstrata  of  sandstone  or  other  more  compact  rocks  contiguous  thereto. 
In  connequence  of  these  already  existing  fissures,  erosion  by  water  and 
frost  can  rapidly  accomplish  the  work  of  isolation  from  the  main  body. 
Thus  we  find  in  the  region  of  Douglas  Creek  groups  of  monuments 
composed  of  shales,  with  cappings  of  sandstones.  After  the  columnar 
body  has  been  separated  from  the  main  mass,  erosion  by  sand  and  other 
agents  has  full  sway,  and  will  determine  the  detail  features  of  the  in- 
dividual monument.  Although  more  rapidly  fdrmed,  perhaps,  than  the 
monuments  of  the  Garden  of  the  Gods,  these  also  have  a  shorter  exist- 
ence. Atmospheric  influences  will  soon  succeed  in  crumbling  down  the 
frail  support.,  and  the  protectiuig  sandstone  will  no  longer  be  sustained. 

With  this,  the  occurrence  of  Wasatch  beds  tu  my  district  is  exhauste<1. 
It  is,  as  that  of  the  preceding  ones,  but  limited.  In  a  great  measure 
thiA  is  owing  to  the  regularity  of  the  stratigraphical  conditions.  Ab- 
sence of  widely-spread  erosion  from  the  surface  downward  causes  the 
Wasatch  to  remain  hidden  from  sight. 

Oreen  River  Oroup, — Perhaps  the  best  exposure  of  this  group  within 
the  limits  of  our  district  may  be  found  on  the  steep  face  presented  by 
the  Book  Clifls  just  north  of  the  Grand  River.  From  the  crest  of  the 
cliffs  to  the  precipitous  edge  facing  toward  the  Grand  the  fall  of  the 
summit  is  about  500  feet,  but  there  it  reaches  nearly  3,000  feet  within  a 
liorizontal  distance  of  less  than  two  miles.  On  this  face  the  best  sec- 
tion of  the  members  composing  the  group  may  be  seen.  Regarding 
the  eastern  half  of  the  Green  Kiver  area  from  a  topographical  stand- 
point, we  observe  a  quite  curious  case.  The  section  lying  between 
White  Kiver  and  the  Grand  is  essentially  a  plateau,  ascending  gently 
toward  the  south.  For  about  twenty-five  miles  the  rise  south  of  White 
River  is  a  regular,  gentle  one.  Streams,  belonging  to  the  Pi  ceance  drain- 
age cut  througii  the  soft-yielding  shales,  leaving  uniform  ridges  be- 
tween them.  At  that  distance,  2,800  feet  above  White  River,  the  divide 
between  this  and  the  Grand  is  reached.  Although  no  perceptible 
change  takes  place  in  the  stratigraphical  arrangement  of  the  strata,  we 
find  that  suddenly  the  waters  flow  in  an  opposite  direction  into  the 
(jrand.  They  flow  in  deep,  narrow  canons,  that  are  almost  inaccessible. 
As  they  continue  their  southward  course,  the  walls  of  the  canons  be- 
come higher  and  higher.  More  correctly  speaking,  the  tops  of  the  en- 
closing walls  retain  very  nearly  the  same  level,  while  the  stream-bed  is 
worn  deeper  into  the  strata  over  which  it  flows.  The  southern  edge  of 
the  northward  sloping  plateau  reaches  to  within  three  miles  of  the 
Grand.  Where  the  tributaries  of  that  stream  leave  their  caQons,  the 
latter  have  walls  3,000  feet  in  height,  while  the  plateau  edge  is  but  400 
leet  lower  than  the  divide  between  the  two  rivers.  We  have,  thert*fon», 
in  this  instance,  one  of  those  peculiar  cases  which  could  be  explained 
by  the  same  assumption  that  Professor  Powell  claims  for  so  many  of 
his  observations  in  the  region  of  the  Colorado  River.  This  explana- 
tion assorts  that  during  the  period  in  which  flowing  water  followed  ap- 
l)roximately  the  same  courses  as  to-day,  the  southern  edge  of  this  pla- 
teau would  have  been  elevated;  that  the  erosive  ])0wer  of  the  water 
was  more  than  adequate  to  the  rapidity  of  the  elevation,  and  that,  in 
eonsequeuce,  the  water  maintaiiuHl  its  own  former  level,  while  the  caiiou 
walls  grew  higher  and  higher,  ^o  doubt  this  view  is  a  very  ingenu- 
ous one,  and,  if  applicable  anywhere,  it  would  seem  that  here  in  these 
soft  shales  there  was  an  excellent  opportunity  for  its  consummation. 
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I  am  opposed,  however,  for  many  reasons,  to  an  explanation  that  would, 
if  correct,  necessarily  be  corroborated  by  other  facts,  the  existence  of 
which  we  nowhere  observe.  I  have  not  had  an  opportunity  to  study 
the  localities  which  Professor  Powell  has  examined.  It  is  therefore  not 
nay  place  to  enter  into  any  discussion  upou  a  question  of  which  I  am 
l)ersoually  acquainted  with  but  one  side. 

Proceeding  westward  from  this  area  we  reach  the  divide  between  Pte- 
ce-ance  and  Douglas  Creeks.  Upon  this  a  number  of  stations  are  located, 
some  of  them  being  the  most  prominent  within  the  district.  On  the 
east  side  of  this  divide  the  narrow  ridges,  (Separated  by  steep  cafions, 
fjently  slope  toward  Pte-ce-ance.  Within  a  horizontal  distance  of  twenty 
iniles  these  ridges  fall  approximately  1,800  feet,  retaining  a  very  even 
angle  of  slope,  however.  West  of  the  divide  the  slope  is  decidedly  pre- 
cipitous, forming  nearly  vertical  walls  frbm  1,200  to  2,200  feet  in  height. 
On  the  top  of  the  divide  we  find  that  the  elevation  is  quite  uniform. 
Station  11  is  9,035  feet  above  sea-level,  while  Station  18,  seventeen  miles 
farther  north, is  8,704  feet  high.  Continuing  along  this  dividing  ridge  we 
approach  White  River,  and  there  find  that  it  breaks  up  into  a  series  of 
radiating  ridges  which  lead  down  to  the  stream.  In  the  valley  of  Doug- 
las Creek  we  tind  Wasatch  beds,  but  ascending  to  the  divide  west  of  it 
are  soon  within  the  Green  River  area  again.  Erom  the  crest  of  the  Book 
Cliffs  northward  we  pass  over  the  lower  portion  belonging  to  this  group, 
nntil,  within  about  iifreen  miles  of  White  River,  we  meet  with  the  up- 
per sandstones.  Here  the  general  configuration  of  the  country  becomes 
more  varied.  The  ridges  are  no  longer  so  regular  both  in  shape  and 
distribution,  and  the  caiions  do  not  show  the  same  uniform  features  as 
farther  east.  Erosion  and  atmospherio  agents  violently  attack  the 
sandstone,  and  it  soon  yields  to  the  cpmbined  influence,  producing  very 
unique  orographic  details.  Lithologically  the  sandstones  can  readily 
be  distinguished  from  the  older  shaly  beds  of  the  same  group,  but  a 
classificatory  separation  of  the  two  seems  at  present  certainly  ill  ad- 
vised. 

Stratigraphically  the  Green  River  Group  in  our  district  is  remarka- 
bly simple.  Its  strata  partake  to  a  slight  extent  of  the  flexures  extend- 
ing southward  from  the  northern  more  disturbed  district,  but  their 
eJQfi'Ct  is  soon  lost,  and  the  former  resume  their  normal  position.  As 
such,  a  slight  dip,  varying  from  1^  to  Co  a  little  west  of  north  may  be 
regarded.  It  is  noticeable  wherever  the  strata  are  exposed,  and  only 
slight  variations  of  the  angle  were  observed.  The  most  prominent  of 
these  was  found  south  of  the  Station-40  Group,  where  the  dij)  first  dimin- 
ished to  zero,  and  as  we  neared  White  River  became  a  southeasterly, 
and  farther  west  a  southwesterly  one.  Both  upper  and  lower  groups 
are  perfectly  conformable  in  this. 

Geognostically  and  lithologically  speaking,  we  can  distinguish  the 
two  groups  of  Powell  very  readily.  While  the  eastern  two-thirds  of 
the  Green  River  area  arc  composed  entirely  of  the  shales,  the  western 
third  contains  the  younger  sandstones.  These  shales  generally  show 
very  light  shades  of  color  upon  exposure,  which  alternate  with  narrow, 
dark  bands,  thus  producing  a  laminated  appearance  of  the  steep  bluffs 
on  the  faces  of  which  they  are  visible.  Grey,  yellowish,  and  white  col- 
ors pre<loniinate.  Subordinate  beds  of  sandstone  occur,  distributed 
throughout  the  shales,  but  are  then  so  highly  argillaceous,  that  they 
produce  no  difference  in  the  general  fades.  Darker  bands  are  usu- 
ally composed  of  harder  shales.  All  of  them  weather,  eventually, 
into  thin,  chip-like  fragments,  coated  with  a  mealy  clay,  the  result  of  de- 
composition.    When  freshly  broken,  the  lamination  is  noticed  to  be  very 


84       BEPOBT  UNITED  STATES  GEOLOGICAL  SUBVET. 

finely  sabdivided ;  a  fact  which  gives  the  rocks  a  pleasing  appearance. 
Erottion  produces  some  exceedingly  picturesque  effects.  Frequently  one 
may  ride  in  a  narrow  canon,  the  walls  of  which  are  composed  of  these 
hard  shales  and  are  1,000  feet  high.  Erosion  has  affected  these  walls 
in  such  a  manner  that  the  suspicion  of  having  b^n  utilized  as  models 
for  architectural  ornamentation  is  almost  involuntary.  Beautiful  carv- 
ing, dependent  upon  the  superior  hardness  of  certain  strata,  has  resulted 
in  the  production  of  ornamented  chancels  and  long-continued  benches, 
which  stud  the  vertical  enclosing  cliffis.  Long  excavations  have  been 
worn  into  the  sides  of  th^  walls  by  the  action  of  flowing  water,  and  not 
unfreqnently  can  the  traveller  ride  in  shady  coolness  for  some  distance 
under  a  protecting  natural  awning.  On  the  summits  of  ridges  and 
hills,  from  where  the  slopes  fall  off  very  steeply  or  are  vertical,  the  pe- 
culiar effect  of  atmospheric  erosion  can  be  studied.  Prominent  points, 
the  edges  of  bluffs,  or  precipitous  walls  show  gracefully-executed  carving. 

It  can  be  compared  with  the  tufaceous  deposits  near  some  mineral 
springs.  The  soft  thin  laminoB  have  been  worn  away,  grooves  de- 
note their  places,  while  the  innumerable  harder  ones  project  like  scat- 
tered leaves  of  a  book  Arom  the  wall.  All  of  the  forms  observed  are 
rounded,  so  that  the  total  effect  produced  is  that  of  a  deposit  formed  by 
overflowing  springs.  Oxydation  of  a  slight  percentage  of  iron  pro- 
duces changes  of  color  varying  from  the  palest  yellow  to  pink,  pale 
orange,  and  a  light  brown,  while  the  remaining  strata  and  laminsa  are 
white  and  grey.  Looking  at  such  a  wall  from  a  distance,  all  these  minor 
details  are,  of  course,  lost,  and  only  the  main  features  will  be  recog* 
nized.  This  character  is  especially  applicable  to  the  highest  members 
of  the  shale  series.  Although  it  certainly  exists  in  the  lower  portion, 
it  is  not  so  prominent,  owing  to  the  occasional  admixture  and  intersper- 
sion  of  arenaceous  strata.  One  of  the  best  localities  within  the  district 
for  the  study  of  these  features  is  along  the  steep  western  edge  of  the 
dividing  ridge  between  the  Pi-ce-ance  and  Douglas  Greeks.  In  the 
lower  caiion  of  Evacuation  Greek  the  higher  members  of  the  shales 
reach  down  to  the  level  of  the  stream,  and  there  exhibit  in  the  most 
beautiful  manner  the  effects  of  erosion  as  produced  by  flowing  water. 

Near  the  base  of  these  shales  we  frequently  find  heavy  beds  of  sand- 
stone, separated  from  each  other  by  interstrata  of  shale.  The  former 
are  generally  white  or  light  yellow,  while  the  latter  are  of  a  yellow  to 
yellow-brown  color.  So  far  as  I  could  observe,  the  sandstones  grow 
thicker  as  we  proceed  westward;  it  may  be,  however,  that  at  the 
X>oints  of  my  observation  we  had  merely  a  local  thickening  of  the  beds. 

A  large  portion  of  the  springs  issuing  from  the  shales  are  alkalinoi 
and  almost  all  the  water  which  flows  over  them,  for  even  a  short  dis- 
tance, partakes  of  the  same  character.  This  is  due  to  decomposition  of 
the  constituents  of  both  shales  and  marls  (the  latter  in  the  lower  por- 
tion), which  form  new  compounds,  soluble  in  water.  Numerous  <^ alkali- 
flats"  were  observed,  where  carbonates  of  soda  and  potash  colored  the 
surface  as  freshly-fallen  snow  would.  Our  examinations  were  made 
there  during  the  driest  season  of  the  year,  the  most  favorable  to  evapo- 
ration, and,  therefore,  concentration  of  the  alkalies  in  solution.  Several 
springs  were  found  emitting  carbonic-acid  gas  and  sulphuretted  hydro- 
gen. They  contained  ferric  compounds  and  a  very  liberal  supply  of 
alkali  in  solution.  All  of  them  were  cold.  This  feature — alkali-water — 
is  certainly  a  drawback  to  many  otherwise  pleasant  regions. 

As  a  total  thickness  for  these  shales,  including  their  lower,  arenaceous 
members,  about  2,400  feet  may  be  given.  This  was  obtained  mainly 
from  the  southern  bold  escarpment  of  the  plateau,  and  corroborated  by 
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observation  made  throaghout  the  entire  gronp.  For  the  upper  lamfuated 
Bbales  wo  may  claim  of  this  total  thickness  1,000  to  1,200  feet,  an  esti- 
mate which  is  snbject  to  some  local  variations. 

Above  the  shales  follows  a  series  of  sandstone  beds,  the  existence  of  which 
can  be  recognized  from  a  long  distance  by  the  peculiar  shape  which  the 
bills  and  mountains  they  compose  exhibit.  We  first  met  with  it  on  White 
Biver,  abont  four  miles  below  the  junction  of  Evacuvation  Creek.  In 
color  it  differs  very  decidedly  from  the  underlying  beds,  being  yellow 
and  brown  with  thin  interstrata  of  dark  shales.  At  the  locality  where 
we  first  reached  it,  it  forms  the  cafion  of  White  River.  High  walls  en- 
close on  either  side  the  narrow  valley  through  which  the  river  winds  its 
way.  Erosion  attacks  the  sandstones  very  rapidly,  and  produces  some 
of  the  most  singularly  picturesque  forms.  Vertical  cleavages,  running 
through  the  sandstones,  aid  the  destructive  power  of  water  and  help  to 
form  the  vertical  walls  and  bluffs  that  enclose  the  valley  on  either  side. 

This  latter  is  densely  covered  with  a  thick  growth  of  willows  and  other 
bmsh.  Marching  through  the  valley  is  greatly  imi)eded  thereby.  Added 
to  the  difficulties  offered  by  the  density  of  the  brush  is  the  circumstance 
that  avalanchiai  drift  along  the  bases  of  the  caiion  walls  forms  almost 
impassable  barriers.  The  caiion  continues,  locally  widening  a  little  at 
some  places,  for  about  twenty-five  miles  down  the  river,  to  the  entrance 
of  Two  Water  Creek,  where  it  opens  a  i.ttle  more.  But  one  creek  of 
any  size.  Asphalt  Wash,  dry  at  the  time  of  our  visit,  enters  the  river 
from  the  south.  On  either  side  of  the  caiion,  the  walls  of  which  are 
1,000  to  1,200  feet  in  height,  the  sandstones  have  been  productive  of 
many  fantastic  groups,  due  to  erosion  and  general  weathering.  Thanks  to 
the  vertical  cleavages  they  show,  large  portions  have  often  been  carried 
away,  leaving,  perhaps,  but  a  single  monument  on  the  summit  of  a  low 
hill  or  the  brow  of  a  narrow  ridge.  These  out-posts,  the  forerunners  of 
extensive  areas,  have  a  height  varying  from  50  to  300  feet,  and  have 
assumed  shapes  that  a  lively  imagination  can  often  compare  with  well- 
known  models  of  antique  statuary.  The  most  frequent  form  exhibited, 
])erhap8,  is  one  closely  imitating  ruins  of  some  ancient  building  or  city. 
Seen  by  the  slantiug  rays  of  a  setting  sun  the  hills  seem  fortified  each 
by  a  castle  of  enormous  dimensions  that  throws  a  long-drawn  shadow 
to  the  eastward.  Turrets  and  battlements  are  supplied  by  the  skilful 
hand  of  nature,  that  teach  by  their  form  the  source  whence  human  in- 
genuity copied  them.  Cathedrals  and  spires  rise  for  several  hundreds 
of  feet  above  their  gently  sloping  surroundings,  monuments  erected  to 
the  enormous  mass  of  strata  that  have  fallen  beneath  the  active  work 
of  time.  Many  isolated  groups  the  traveller  cannot  avoid  comparing 
with  domestic  scenes,  so  natural  is  the  pose  and  distribution  of  their 
members.  One  in  particular,  within  the  White  River  Valley,  near 
Asphalt  Wash,  showed  so  affectionate  a  family  picture,  that  we  named 
it  the  "Happy  Family.''  It  is  illustrated  by  the  annexed  cut  and  repre- 
sented by  three  isolated  columns  of  sandstone,  the  largest  of  which  is 
80  feet  high.  It  is  left  to  the  imagination  of  the  reader  to  discover  the 
sentiment  that  prompted  a  party  of  explorers  to  bestow  so  unscientific  a 
name  upon  a  group  belonging  to  the  Upper  Green  River  series. 

At  Two  Water  Creek  we  have  arrived  nearly  at  the  western  border  of 
our  district.  We  traveled  up  the  valley  of  this  stream  leaving,  for 
some  time,  the  White.  On  this  river,  above  the  junction  of  Two- Water, 
we  first  found  indications  of  asphalt.  ITpon  examination  it  was  discov- 
ered that  this  mineral  occurreil  in  vertical  or  approximately  vertical 
veins  in  the  yellow  sandstones  and  shales  of  the  Upper  Green  River 
beds.    The  veins  vary  in  width  from  a  quarter  of  an  inch  to  several 
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feet.  At  that  locality  no  springs  were  found,  bat  the  asphalt  was  hard, 
brittle,  bad  its  characteristic  fracture,  and  upon  sabseqaent  cbemlcal 
examination  proved  to  be  very  pure.  Springs  of  this  mineral  were  dis- 
covered by  Mr.  Chittenden  near  the  head  of  Sweetwater  Creek,  where 
the  asphalt  slowly  oozed  out  of  the  sandstones  similar  to  petroleum  in 
certain  regions.  This,  besides  a  few  beds  of  limonite,  was  the  only 
deposit  of  economic  value  discovered  daring  the  season. 

A  close  estimate  assigns  to  the  upper  sandstones  a  thickness  of  1,100 
to  1,200  feet.  They  are  very  uniform  in  their  iithological  character,  and 
show  but  slight  local  disturbances.  South  of  the  White  they  reach  up 
to  the  highest  points,  forming  the  summits  of  peaks  and  the  crests  of 
ridges.  As  we  approach  toward  the  divide  between  the  White  and 
Grand  we  gradually  pass  upward  through  the  series  until  about  20  miles 
south  of  the  river  we  once  more  reach  the  light-colored  shales.  These 
continue  eastward  along  the  entire  divide,  and  here  as  there  show  a  sur- 
prising constancy  of  dip  as  well  as  of  Iithological  character.  Although 
125  miles  distant  from  the  most  easterly  exposure,  where  they  were  first 
met  with,  they  in  no  way  show  any  appreciable  change  in  general  char- 
acteristics. 

Throughout  the  district,  the  Green  Biver  Group  has  been  a  very  un- 
satisfactory one,  palseontologically  considered.  The  few  fossils  that 
were  found  were  plants  and  very  poorly  preserved.  Silicified  wood  was 
more  abundant  than  any  other  petrifaction,  but  of  no  chronological 
service.  With  fossils,  the  region  would  certainly  have  been  one  of  very 
great  interest,  although  the  stratigraphical  relations  are  very  simple,  but 
without  fossils,  without  any  structural  features  inviting  study,  and  with 
the  ever-repeated  occurrenoe  of  the  same  formations  and  groups,  that 
extensive  Green  Biver  area  afforded  but  poor  results  in  return  for  the 
work  of  a  geologist.  It  is  essential,  of  course,  that  its  existence  and 
character  in  every  respect  should  be  determined,  as  it  forms  bat  a  link 
to  the  great  chain  which  is  gradually  being  completed.  Thanks  to  cor- 
relation with  other  determined  horizons  and  typical  iithological  charac- 
ter, the  Green  River  Group  is  readily  recognized  wherever  met  with,  so 
that  the  weight  of  uncertainty  is  not  added  to  «the  disappointment 
palsBontologically. 

With  this  group  we  close  the  Tertiary  formation  of  our  district,  as 
none  of  its  iiigher  members  are  developed  within  its  borders.  Neither 
are  volcanic  rocks  occurring  there,  so  that  there  remains  for  considera- 
tion nothing  but  the  recent  deposits. 

ANCIENT  GLACIEBS. 

On  the  White  Biver  drainage  I  have  observed  no  evidence  i)ointing 
to  the  former  existence  of  glaciers.  The  numerous  caiions  that  we  find 
cut  through  the  soft  shales,  marls,  and  sandstones,  are  formed  so  regu- 
larly and  agree  so  thoroughly  with  the  pronounced  stratigraphical  con- 
ditions, that  we  can  scarcely  admit  of  any  other  agency  having  shaped 
them  than  water.  Ascending  any  one  of  them  toward  the  main  divide, 
we  tind  that  its  upward  sloi)e  is  very  even,  its  valley  widening  wherever 
other  creeks  or  streams  enter,  and  its  entire  character  in  conformity 
with  the  view  regarding  it  as  the  result  of  the  action  of  flowing  water. 
Primary  conditions  indicated  partly  by  the  present  stratigraphical  sys- 
tem,  have  shaped  the  courses  of  the  streams,  but  beyond  that  the  results 
we  observe  are  mainly  those  produced  by  flowing  'water,  together  with 
the  never  wanting  atmospheric  influences. 

In  speaking  of  the  Green  Biver  Group,  mention  has  been  made  of  the 
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carioas  bydrological  conditions  we  observe  after  crossing  tbe  divide 
between  the  White  and  tbe  Grand.  It  has  been  stated  that  even  be- 
yond tbe  divide  for  a  considerable  distance  tbe  plateau  continued  as 
KQch,  sloping  only  very  little  toward  tbe  Grand.  In  tbe  same  distance 
that  tbe  plateau  falls  about  400  feet  tbe  streams  cutting  through  it  in 
that  region  accomplish  a  fall  of  more  than  2,000  feet.  Had  tbe  eleva- 
tion of  the  former  been  the  same  as  now,  at  the  time  when  the  southerly- 
flowing  drainage  was  formed,  this  would  not  have  followed  tbe  general 
course  it  now  does,  but  would  have  trended  off  to  the  east  and  west- 
ward. If  we  wish  to  assume,  therefore,  that  we  still  have  the  original 
courses,  or  an  approximation  thereof,  we  must  grant  to  the  Boutlieru 
exteasioo  of  tbe  plateau  a  considerable  dip  in  that  direction.  In  case, 
then,  that  edge  bad  risen,  and  tbe  streams  bad  cut  through  e4ich  suc- 
cessive stratum  as  it  rose,  we  would  most  likely  find  traces  of  perhaps 
even  only  slight  changes  in  tbe  direction  of  the  flowing  water.  This 
we  do  not.  It  is  diiUcult  to  imagine  bow  any  stream  that  is  capable  of 
oottiug  down  one  stratum  after  the  other  in  succession,  as  that  stratum 
attempts  a  blockage  of  its  downward  course,  should  not,  in  a  thickness 
of  nearly  3,000  feet  of  beds,  meet  one  that  it  cannot  treat  in  the  same 
manner.  The  elevation,  probably,  was  an  exceedingly  slow  one,  lasting 
during  a  long  period  of  time,  but  the  '^  accidents"  to  which  the  streams 
would  be  subject  under  such  circumstances  seem  to  me  so  numerous, 
and  even  formidable,  that  the  absence  of  any  trace  thereof  is,  to  roe, 
evidence  against  this  explanation.  All  the  caiions  at^  present  under 
discussion  are  exceedingly  narrow,  and  they,  as  well  as  their  smallest 
branches,  show  very  steep,  precipitous  sides.  From  the  characteristic 
detail  forms,  and  from  the  general  character  as  well,  I  have  come  to  the 
oonclasion  that  they  owe  their  present  form,  in  part,  to  glacial  action.  No 
doubt  tbe  depressions  had  been  indicated,  probably  even  partly  existed, 
before  tbe  moving  ice  could  shape  them  as  we  now  find  them.  It  is 
evident  that  in  the  soft,  readily  decomposing  material  of  which  the  strata 
consist,  no  direct  evidences  of  glaciers  could  have  been  transmitted 
for  any  length  of  time.  Although  it  is  not  to  be  asserted  that  by  glacial 
action  alone  tbe  deep  gorges  were  carved  out,  I  regard  it  as  a  safe  con- 
clusion to  assume  that  in  the  soft  beds  of  that  formation  moving  ice 
would  have  had  more  direct  eroding  power  than  can  usually  bo  ac- 
corded to  it.  The  minor  details  and  the  formation  of  accessory  caiions 
and  ravines  may  be  due  entirely  to  the  action  of  water,  but  I  am  of  the 
opinion  that  its  work  was  greatly  facilitated  by  that  already  performed 
by  glaciers. 

In  these  caiions  the  only  localities  where  glaciers  may  have  existed  in 
our  district  are  exhausted.  The  entire  region  is  neither  high  enough  nor 
were  tbe  conditions  of  atmospheric  precipitation  sufficiently  favorable  in 
that  region  for  the  formation  and  perpetuation  of  glaciers. 

It  is  a  noticeable  fact  that  at  the  present  time  tbe  Grand  Kiver  drain- 
age within  our  district  is  more  abundantly  supplied  with  water  than 
that  of  White  River.  This,  no  doubt,  is  due  to  the  more  rai)id  fall  of 
the  streams.  Incident  thereto  is  the  smaller  loss  by  evaporation  and 
the  gradual  infiltration  into  beds  composing  the  sides  and  bottom  of  a 
stream.  "While  we  not  unfrequently  had  difficulty  in  finding  water  on 
the  White  River  side  of  the  Book  Cliflfs,  the  Grand  River  slope  was  well 
supplied.  This  in  itself  would  argue  in  favor  of  tbe  assumption  of  gla- 
ciers there  during  former  periods. 

ANCIENT  LAKES. 

It  seems  scarcely  appropriate  to  use  the  term  above  given  for  former 
lakes  within  our  district,  as  the  impression  might  be  conveyed  that  they 
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were  in  intimate  coDDection  with  the  glaciers.  Bv  the  term,  I  merely 
wish  to  designate  snch  localities  that  now  are  perfectly  or  nearly  dry, 
while  in  former  times  they  contained  more  or  less  extensive  bodies  of 
water.  On  the  maps  heretofore  published  of  that  section  of  country  the 
region  is  generally  described  as  an  ^'  elevated  plateau  with  fresb-water 
lakes  and  timber."  This  view  argues  against  the  recent  dates  usually 
given  on  the  maps,  for  no  lakes  have  existed  there  for  a  long  timci 
geologically  streaking. 

On  the  higher  portions  of  the  plateau  none  were  noticed  as  having 
formerly  existed.  In  a  number  of  the  stream-valleys,  however,  there  is 
proof  that  at  one  time  quite  considerable  areas  were  covered  with  water 
that  to-day  show  nothing  but  drift  and  soil.  Near  the  junction  of  the 
two  main  branches  of  the  Pi-ce-ance  there  was  formerly  a  lake  of  about 
two  to  three  miles  in  length,  tilling  the  level  i>ortion  of  the  valley. 
Smaller  ones  were  located  farther  down  stream,  and  are  indicated  now 
by  the  existence  of  ^'  alkali-flats."  On  Douglas's  Creek,  within  the  area 
covered  by  the  Wasatch  Group,  a  few  small  lakes  were  along  the  pres- 
ent course  of  the  stream.  West  of  it,  on  Evacuation  Creek,  ohout  fiiteen 
miles  south  of  White  River,  there  are  beds  deposited  into  a  lake  of 
about  four  miles  in  length  and  a  mile  in  width,  while  lower  down  simi- 
lar places  are  found.  At  the  junction  of  Bitterwater  and  Sweetwater 
Greeks  another  lake  originally  existed,  but  has  long  since  dwindled 
down  to  a  shallow,  highly  alkaline  pond. 

The  existence  of  these  former  lakes  is  indicated  by  several  features 
of  unmistakable  character.  Sometimes  (Pi-ce-ance)  low  benches  are 
formed  along  the  bases  of  the  bluffs  inclosing  the  valley.  Generally 
they  are  removed,  however,  being  composed  of  very  light  material.  An 
exceedingly  even  distribution  of  fine  sand  and  silt  over  a  level  place, 
which  is  surrounded,  perhaps,  on  all  sides  by  abrupt  bluffs,  furnishes 
another  indication.  Not  unfrequently  will  it  be  found  that  in  such  au 
instance  the  exit  of  the  stream  from  the  valley  takes  place  throngli  a 
very  narrow  opening  in  the  rocks  composing  the  adjoining  hills. 
Swamps,  in  perfectly  level  places,  where  often  the  stream  itself  ceases 
to  be  definable  as  such,  and  small  ponds,  sometimes  remain  to  mark  the 
spot  where  at  one  time  water  existed  in  greater  abundance.  Alkali, 
deposited  by  evaporating  water,  which  accumulates  in  these  places 
during  the  wet  season,  occurs  regularly  at  all  favorable  localities. 

It  seems  possible  that  most  of  the  lakes  were  formed  merely  by  an 
accidental  stoppage  of  the  river,  either  through  an  accumulation  of 
drift-material  or  a  blocking  of  some  narrow  passage.  They  probably  re- 
mained for  a  considerable  period  of  time,  which  is  shown  by  the  enor- 
mous amount  of  silt  and  sand  that  has  been  deposited  at  those  locali- 
ties, and  by  the  perfect  levelling  of  the  niveau  they  once  occupied.  As 
a  cause  tor  their  disappearance  I  regard  the  gradual  raising  of  the  lake- 
bed  by  the  constant  transportation  of  sand  and  silt  into  the  still  water. 
Thus,  of  course,  the  level  of  the  water  was  raised,  the  horizontal  ex- 
tent of  the  lake  became  greater,  while  its  depth  diminished,  until  at 
last  the  sheet  of  water  disappeared  entirely,  either  by  flowing  oft'  or  by 
evaporation.  Though  occurring  quite  frequently,  the  former  lakes  have 
water  now  at  but  few  places.  These  spots  are  chosen  as  favorite  resorts 
by  wild  water-fowl,  and  hunting  them  there  is  frequently  accompanied 
by  great  success. 

DRIFT. 

That  species  of  drift  which  has  been  designated  as  ^'  avalanchial"  is 
found  mainly  in  White  Eiver  Caiion.  We  have,  in  our  district,  no 
mountains  of  any  great  height,  or  occurring  in  isolated  groups,  where 


)  DRIFT.  89 

ddkris  from  the  slopes  could  accamulate  and  form  drift  In  the  cauoa 
above  named,  however,  erosion  and  weathering  has  loosened  many 
bowlders  and  fragments  on  the  f  ices  of  the  walls,  and  they  have  fallen 
down,  forming  a  sort  of  talus  at  the  bases  of  tbe  cliffs.  Continuing  dis- 
integration would  soon  reduce  them. to  sand  and  silt,  and  their  removal 
would  follow  were  it  not  for  the  fact  that  constantly  reinforcements  ar- 
rive from  the  same  source,  which  enable  the  talus  to  retain  its  character 
of  avalanchial  drift.  Along  the  bases  of  high  Green  Kiver  cliff's  a 
lumilar  drift  may  be  observed,  but  its  rapid  weathering  soon  destroys  it 
altogether. 

Biver-drifts,  consisting  of  the  water-worn  bowlders,  and  sand-bars, 
we  have  both  in  the  Grand  and  in  the  White.  While  the  latter  more  fre- 
quently contains  smaller  pebbles  and  much  sand  (so  far  as  flowing  in 
the  western  ]K)rtion  of  the  district  is  concerned),  tbe  Grand  carries  large 
bowlders.  Of  the  White  the  same  can  be  said  for  the  vicinity  of  the 
agency.  When  it  reaches  that  point,  it  has  just  passed  through  meta- 
morphic,  paleozoic,  and  partly  mesozoic  rocks,  and  carries  with  it  the 
proofs  of  its  course.  In  some  of  the  broader  valleys  bordering  on  tbe 
White,  we  find  that  this  drift  has  been  more  or  less  distributed.  This  is 
due  to  the  river's  gradually  shifting  parallel  to  its  own  course.  The  drift 
carried  and  deposited  by  the  streams  flowing  both  into  White  and 
Grand  partakes  greatly  of  the  character  of  alluvial  soil.  It  is  mainly 
a  fine-grained  soil,  containing  more  or  less  sand,  either  uniformly  dis- 
tribat^  or  in  single  layers  and  banks.  In  the  valleys  of  the  White 
River  drainage  the  accumulation  of  this  material  is  simply  enormous. 
It  traverses  the  valleys  from  one  side  to  the  other,  and  is  sometimes  40 
to  60  feet  in  thickness.  Deep  gullies  are  cut  into  it  by  every  stream 
coming  from  either  side,  a  fact  which  makes  travelling  very  slow.  Wiier- 
ever  Indian  trails  are  found  they  lead  over  more  easily-crossed  ravines. 
The  Indians  have  recognized  the  difficulty  of  travelling  over  so  broken 
a  country  also,  and  their  trails,  therefore,  are  found  on  ridges  c  ud  on  tbe 
on  the  divides  between  main  streams. 

It  is  owmg  mainly  to  the  lithological  character  of  the  surrounding 
rocks  that  the  drift  is  formed  in  such  enormous  masses.  All  of  them 
disintegrate  quite  readily,  and  because  of  their  ^^  tough  "  character  do 
not  so  soon  lose  the  argillaceous  portions,  otherwise  we  would  iind  but 
accumulations  of  sand.  Sandstones,  shales,  and  marls,  all  of  these  are 
rapidly  eroded,  rapidly  yield  to  atmospheric  influences,  and  are  easily 
transported.  During  the  rainy  season  the  creeks  and  streams,  that  later 
are  perfectly  dry,  carry  large  quantities  of  water,  and  carry  with  them 
tons  of  the  drif^material.  This  is  deposited  in  part  as  soon  as  the  rapid- 
ity of  the  flowing  stream  is  diminished,  and  in  the  course  of  time  forms 
the  enormous  banks  that  we  observed  along  the  streams.  Even  in  the 
dry  season  the  White  is  constantly  muddy,  owing  to  the  character  of  the 
strata  through  which  it  and  its  tributaries  And  their  way.  Should  water 
ever  be  sufficiently  plentiful  in  these  localities,  the  drift  just  mentioned 
will  famish  excellent  arable  land.  It  will  naturally  be  liable  to  encroach- 
ments from  the  main  stream,  but  arrangements  could  be  made  to  avoid 
any  serious  damage.  The  question  of  an  adequate  supply  of  water  for 
agricultural  purposes  along  the  main  tributaries  of  the  White  is  one, 
however,  that  can  probably,  even  now,  be  answered  nagatively. 

For  the  white  settler,  the  region  surveyed  during  1876  offers  but  lim- 
ited inducements.  The  quantity  of  water,  above  all  things,  is  too  small 
to  permit  of  any  even  approximately  dense  population,  because  most 
likely  the  country  could  not  sustain  it.  Good,  large  timber  is  rare  in 
the  low  lands,  and  the  higher  regions  are  too  distant  to.  admit  of  trans- 
portation, even  could  it  there  be  found  in  satisfactory  quantities. 


CHAPTER    III. 


CORRELATIONS  OF  STRATIGRAPHY,  LITflOLOGIOAL  CON- 
STITUTION OF  STRATA,  AND  OROGRAPHY. 

For  a  number  of  years  I  have  paid  special  attention  to  the  sabject, 
to  what  extent  do  the  physical  constitution  of  strata  and  their  Btrnc- 
tural  condition  iuflaence  the  orographic  features  of  any  given  region! 

Both  in  Europe  and  in  the  United  States  1  have  collected  data  with 
a  view  to  presenting  at  some  time  a  synopsis  of  the  observations  made, 
and  to  induce  from  such  synopsis  the  probable  results  that  would  be 
derived  from  given  lithological  and  structural  character.  Upon  examina- 
tion, I  find  that  to  a  great  measure  the  effects  from  similar  or  identical 
causes  correspond  very  well.  A  recognition  of  this  fact  has  direct  bear- 
ing upon  the  recognition  of  minor  details  in  mountain  ranges  and  groups. 
It  will  facilitate  the  study  of  physical  geography  and  frequently  afford 
a  clew  to  the  explanation  of  orographic  forms  that  otherwise  might  be 
difficult. 

It  does  not  lie  within  the  province  of  this  paper  to  discuss  either  the 
causes  by  which  abnormal  positions  of  strata  are  produced,  or  the  in- 
fluence that  the  action  of  any  plutonic  or  volcanic  activity  may  have  had 
upon  strata  or  groups.  We  begin  with  a  comparison  of  the  result  pro- 
duced upon  strata  or  lithological  groups  by  atmospheric  and  other 
eroding  agents,  after  they  have  assumed  a  rigid  stability.  Noticing 
the  varying  forms,  the  resultants  of  similar  or  identical  influences  to 
which  each  and  every  one  of  them  has  been  or  is  being  subjected,  we. 
will  perceive  at  a  glance  the  value  of  a  system  of  reasoning  based  upon 
inductive  principles.  We  have  analogous,  if  not  absolutely  the  same, 
agents  producing  a  multiplicity  of  results,  and  by  the  study  of  these 
results  can  arrive  at  some  conclusion  regarding  the  physical  structure 
and  constitution  of  the  media  exhibiting  them.  Indirectly,  again,  we 
can,  by  combining  empirical  knowledge  with  the  results  presented, 
argue  an  inference  as  to  the  mineralogical  and  chemical  aggregates  and 
constituents  composing  the  forms  under  consideration. 

An  application  of  the  knowledge  we  may  derive  from  the  study  of 
cause  and  effect,  the  former  being  almost  constant  in  this  instance,  will 
enable  us  to  draw  comparatively  correct  conclusions  as  regards  the 
general  character  of  the  material  in  which  such  effect  is  observed.  This 
is  of  importance  in  geological  and  geognostical  work.  When  in  the 
fleld,  the  flnst  intimation  of  the  age  or  relative  position  of  a  stratum 
may  frequently  be  furnished  by  some  peculiar  feature  of  weathering. 
If  we  have  for  examination  before  us  a  circumscribed  area,  in  a  portion 
of  which  the  age  and  character  of  the  various  geognostic  horizons  have 
been  definitely  determined,  a  study  of  the  exterior  physical  appearance 
may  often  greatly  facilitate  the  recognition  of  any  one  of  the  determined 
horizons  at  an  even  distant  locality.  No  doubt  this  method  is  employed 
almost  instinctively  by  most  or  all  geologists  who  have  occasion  to  ex- 
amine regions  comparatively  or  entirely  unknown.  It  is  noi  my  pur- 
pose, however,  to  write  a  "guide  for  field  geologists;"  so  this  iusUmce 
of  direct  practical  application  may  suffice. 

During  four  years  I  have  had  the  opportunity  of  studying  geology  in 
Colorado  and  a  portion  of  its  contiguous  Territories.    The  survey  of  this 
State  is  now  completed,  and  I  send  forth  the  subjoined  notes  with  espe- 
cial reference  to  what  I  have  observed  in  that  State.    Few  regious,  per- 
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haps,  will  prove  to  be  so  favorable  to  the  study  of  ^^form,"  both  massive 
and  lu  detail,  as  Colorado.  The  former,  the  massive  features,  are  Dot 
coDsidered  here,  but  only  the  result  of  atmospheric  and  other  erosive 
iuflnences  upon  strata  or  rocks  of  different  physical  constitution  and 
different  structural  conditions. 

All  rocks  and  stratoid  deposits  can  appropriately  be  divided  into  four 
groups,  taking  their  physical  characters  and  their  genesis  as  a  basis, 
(a.)  Crystalline  aggregates,  comprising  all  those  consisting  entirely  of 
several  crystallized  or  crystailine^minerals,  the  nature  of  which 
determines  the  species  of  the  rock. 
(b.)  Sedimentary  rocks. 

(I.)  Deposited  without  the  aid  of  any  chemical  separation  or 

action  whatever.    Purely  mechanical  deposits. 
(2.)  Deposited  with  the  aid  of  chemiciil  action.    Crystalline  at 
times,  consintiug  of  but  one  mineral, 
(tf.)  Eruptive  rocks,  containing  segregated  minerals  in  a  paste  which  may 

be  amorphous  or  crystalline. 
(d,)  Bedeposited,  recent  material. 

This  general  division  with  but  slight  exceptions  corresponds  in  the 
mail!  to  a  chronological  separation.  Instances  occur  where  eruptive 
rocks,  younger  than  a  iK)rcion  at  least  of  the  sedimentaries^  consist  en- 
tirely of  a  crystalline  aggregate.  Eruptive  giauite,  which  is  known  to 
have  intruded  into  Post-Cretaceous  strata,  is  an'  example  of  this  kind. 
With  such  and  similar  exceptions,  however,  which  at  best  occur  but 
rarely,  the  arrangement  is  essentially  one  that  corresponds  with  the  suc- 
cessive genesis  of  geological  divisions. 

CRYSTALLINE  AGGREGATES. 

As  belonging  to  this  group  we  count  Granites,  Syenites,  Diorite5>,  Gab- 
bro,  and  Schists.  Each  one  of  these  is  represented  by  a  large  number  of 
varieties,  determined  by  the  absenC'C  or  substitution  of  one  or  the  other 
constituent  mineral.  The  three  first  of  these  are,  physically,  closely 
related  to  each  other,  while  the  two  last  form  a  correspondingly  parallel 
subgroup.  Three  varieties  axn  be  distinguished  of  the  first  subgroup, 
varieties  that  are  based  not  upon  mineralogical  or  chemical,  but  purely 
physical  distinctions,  coarse,  middle^  and  fifiegrained. 

Coarse-grained  rocks  belonging  to  this  series  are  by  far  less  able  to 
withstand  erosion  and  degradation  than  the  other  two.  Frequently 
either  the  feldspar  or  mica  may  be  found  to  be  so  arranged  as  to 
pre4«put  its  cleavage-plane  in  one  direction  mainly.  Both  of  these  min- 
erals show  large  crystals,  and  it  will  be  a  comparatively  easy  matter 
for  either  flowing  water,  frost,  or  any  similarly  acting  agent,  to  destroy 
in  a  short  time  the  original  shape  of  the  exposed  mass.  Should  eveu 
the  cleavage- planes  not  be  so  arranged  as  to  tall  mainly  in  one  direction, 
the  same  causes  will  produce  an  abrasion  which  stands  in  direct  pro- 
portion to  the  average  size  of  the  crystalline  masses,  iis  compared  to 
others.  It  is  evident,  therefore,  without  going  into  details  as  regards 
the  process  by  which  the  removal  of  material  is  efifecied,  that  a  coarse- 
grained granite,  for  instance,  will  have  a  tendency  to  form  rounded 
hills,  blunt  summits,  and  rounded  edges.  In  case  the  crystals  lie  in  one 
cleavage- plane,  frequently  small  vertical  or  sloping  smooth  walls  will 
be  formed,  which  more  ettectually  resist  disintegration  than  the  remain- 
iog  portions.  One  of  the  most  powerful  agents  in  shaping  the  minor 
orographic  details  is  the  growing  vegetation.  Through  the  growth  of 
roots,  the  enormous  wedging-power  of  which  is  well  known,  particles  of 
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minerals  are  forced  off  or  loosened,  and  thas  the  more  rapid  erosion  by 
other  agents  is  facilitated. 

Diminishing  with  the  size  of  the  constituent  minerals  are  the  charac- 
teristics above  given  for  coarse-grained  rocks  of  this  groap.  As  the 
former  become  smaller,  the  aggregate  forms  a  more  compact  mass,  less 
assailable  by  atmospheric  inflaences,  wat^r,  and  sand.  Instead  of 
rounded  hills  we  will  find  steeper  mountains,  showing  sharp  ridges 
leading  toward  the  summit,  ^brupt  changes  of  the  angles  of  slope 
and  precipitous  edges  will  denote  the  more  thoroughly  resisting  ma- 
terial. While  here  we  find  higher  mountains  generally,  coarse-grained 
masses  will  rarely  occupy  any  very  elevated  position,  being  too  readily 
reduced  by  disintegration.  These  features,  however,  can  change  if  wo 
have  before  us  a  stratified  or  stratoid  mass  of  rocks.  In  this  case  the 
features  of  mountains  and  ranges  no  longer  conform  to  the  synopsis 
above  given,  but  are  subject  to  the  same  variations  that  are  character- 
istic of  the  next  following  group. 

While  the  avalanchial  drift  from  coarse-grained  granite  or  kindred 
rocks  generally  occurs  in  more  or  less  rounded  bowlders,  that  of  the 
finer-grained  varieties  is  angular,  with  sharp  edges,  and  flat  instead  of 
rounded  sides.  If  worn  by  water,  the  latter  will,  as  a  rule,  show  more 
regular  forms,  owing  to  its  greater  degree  of  homogeneousness. 

The  second  subgroup :  Gabbro  and  schists  appear  as  totally  distinct 
from  the  preceding,  if  we  except  the  possible  bedded  condition  of  the 
latter.  It  is  a  very  rare  occurrence  to  find  schists  lying  horizontally. 
Generally  they  are  tipped  up,  more  or  less  steeply  indin^,  and  we  have 
in  their  exterior  cl^racter  the  combined  influence  of  a  crystalline  aggre- 
gate and  stratified  structure.  Very  rarely  are  coarse-grained  varieties  be- 
loDgingtothisseriesmetwith.  Usually thecomponent  minerals aresmall 
and  distributed  evenly  throughout  the  masses.  Acicular  crystals  lying 
in  one  direction  tend  often  to  increase  and  subdivide  the  distinguishable 
strata  or  layers.  A  predominance  either  of  quartz  or  hornblende  en- 
ables rocks  of  this  group  to  resist  very  successfully  the  attempted  dis- 
integration. For  the  same  reason  growing  vegetation  will  not  pro- 
duce so  extensive  a  loosening  or  removal  of  fragments  as  it  does  in  a 
coarse-grained  rock.  Flowing  water  selects  for  destruction  the  most 
readily  yielding  beds,  and  leaves  others  either  as  partially  rounded  nar- 
row benches,  or  broken  fragments,  denoting  the  course  of  the  former 
continuous  hard  stratum. 

Whenever  we  find  the  strata  inclining  or  standing  on  edge  we  will 
observe  that  they  form  steep,  sharp  ridges,  and  very  often  high  peaks. 
(This  latter  is  due,  however,  not  entirely  to  the  resistance  of  the  rock 
composing  them,  but  to  the  fact  that  this  group  belongs,  as  a  rule,  to 
the  metamorphic  series,  and  its  members  have  acquired  their  elevated 
position  by  virtue  of  directly  active  forces.)  In  that  case  the  slope  of 
the  mountains  parallel  with  the  dip  of  the  strata  is  smooth,  while  the 
one  exposing  their  edges  is  generally  exceedingly^  ragged.  Dependent 
upon  the  angle  of  the  dip  and  that  of  the  latter  slope  is  the  formation  of 
precipices  and  overhanging  walls. 

Vegetation  has  more  influence  in  removing  portions  of  these  rocks 
than  it  exercises  with  middle  or  finegrained  rocks  of  the  first  subgroup. 
This  is  accomplished  inasmuch  as  the  growing  roots  can  more  readily 
enter  the  narrow  crevices  between  single  layers  or  strata  (the  former 
of  which  are  frequently  exceedingly  thin),  and  can  thereby  produce  a 
dismemberment  of  numerous  particles.  Avalanchial  drift  of  this  sub- 
group shows  characteristics  that  indicate  the  bedding  of  the  entire  mass, 
and  the  more  or  less  frequent  occurrence  of  narrow  cracks  and  fissures. 
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In  accordance  with  their  resistaDce  to  decomposiDg  and  disiategratiug 
infloences,  the  bowlders  show  sharp,  jagged  edges,  aud  abrupt,  traus- 
verse  fractures,  besides  those  parallel  to  the  stratoid  arraugeoient. 

As  an  iucidental  agent  of  erosion,  moviug  ice  may  be  ineatioDed.  Its 
saocess,  as  such,  iscoinmeusarate  with  the  homogeneousaess  of  the  rocks 
over  which  it  passes,  and  dependent  greatly  apon  the  circumstance 
whether  it  takes  its  course  over  massive  or  stratided  portious.  In  the 
former  instance,  it  will  produce  a  planing,  a  rounding  of  tbe  rocks  sub- 
jected to  its  action,  the  result  obtained  being  forms  that  have  received 
the  appellation  of  <<  roches  moutonnieaP  In  a  similar  manner,  though 
not  so  decidedly,  is  the  movement  of  glaciers  upon  other  members  of 
these  groups  demonstrated.  Should  they  pass  over  the  upturned  edges 
of  schistose  rocks,  they  will  remove  more  material  from  the  softer  strata 
than  from  otheis,  and  produce  ^'troughs"  in  case  tbeir  course  be  par- 
allel  to  the  strike  of  the  strata.  In  this  respect,  as  well  as  in  the  first, 
the  action  of  ice  and  flowing  water  with  its  accompanying  bowlders 
is  very  similar.  Where,  however,  not  only  the  base  but  the  walls  of  a 
ravine  or  cafion  are  attacked  by  glaciers,  the  result  is  too  character- 
istic to  admit  of  comparison. 

SEDIMENTARY  ROCKS. 

0 

The  sedimentary  rocks  have  been  divided  into  two  groups,  those  repre- 
senting merely  mechanical  deposit,  and  others  necessitating  chemical 
action.    Oi  these  the  former  is  susceptible  of  subdivision  into 

(1.)  Congl(nnerate^ 
(2.)  Sandgtane^ 
(3.)  SkalCj  and 
(4.)  Marl 

It  depends,  in  conglomerates,  upon  tbeir  physical  properties  what 
resnlt  atmospheric  and  other  abrading  influences  will  have.  Mainly 
two  varieties  may  be  distinguished,  soft  and  hard  conglomerates.  Of 
these  the  former  yield  very  readily,  while  tbe  latter  resist  more  success- 
fully. Conglomerates  are  originally  a  mechanical  deposit  of  erratic 
bowlders,  of  various  size,  pebbles  aud  sand,  cemented  either  by  tbe  lat- 
ter, by  clay,  or  in  rare  instances  by  carbonate  of  lime  or  quartz.  If 
sand  forms  tbe  cement,  flowing  water,  rains,  frost,  &c.,  will  easily  remove 
it,  and  the  bowlders,  at  one  time  held  together,  will  be  loosened  and 
carried  off.  Unless  a  protecting  cap  of  some  kind  may  prolong  tbe 
existence  of  soft  conglomeritic  masses,  they  yield  in  time  entirely  to 
destructive  agents.  Should  tbe  conglomerate  be  a  hard  one,  we  will 
generally  find  that  it  contains  softer  parts,  the  distribution  and  shape 
of  which  is  either  irregular  or  stratoid.  Tbese  will  weather  out  more 
rapidly  than  the  remaining  portions,  and  form  cavities  or  gulches,  ravines, 
&C.  In  that  case  the  hard,  remaining  rocks  will  form  crags,  or  irregu- 
lar masses.  As  a  rule,  conglomerates  of  tbis  character  weatber  in  steep 
slopes.  Gradual  erosion  will  carry  away  more  and  more  of  tbe  matrix, 
until  the  bowlders  contained  within  it  project  on  tbe  wall  or  cliff  and  the 
latter  appear  studded  with  them.  Whenever  they  form  creek-beds,  we 
observe  tbat  tbe  water  rapidly  cuts  them  away,  unless,  indeed,  tbey  be 
cemented  by  quartzitic  rock  or  quartz.  It  is  a  very  rare  occurrence 
that  conglomerates  are  found  otherwise  than  in  a  subordinate  position 
as  regards  the  structure  of  a  mountain.  An  exception  of  tbis  kind  may 
be  noted  in  tbe  Bawatch  Eauge,  where  a  series  of  conglomeritic  beds, 
600  to  1,500  feet  in  thickness,  stretches  over  a  very  large  area  of  country. 
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At  some  localitieH  it  occapies  the  sommits  of  peaks.  When  fouDd  in 
this  position,  exposed  to  the  force  of  atmospheric  erosive  agents,  it 
weathers  in  exceedingly  rugged  and  often  pictnresque  forms.  Bents 
and  cracks  traverse  the  strata  vertically,  widening  locally  into  caves 
and  almost  complete  arches.  Allowing  the  widening  of  sach  rents, 
parallel  to  each  other,  to  continue,  we  find  that  the  resnlt  is  a  series  of 
sharp  pinnacles,  ornamenting  ridges  and  slopes  of  the  mountain.  Ver- 
tical precipices  denote  the  cleavage,  and  readily  accomplished  disinte- 
gration of  many  portions.  Frequently,  underlying  soft  strata  arc 
removed  by  the  action  of  flowing  water,  glaciers  or  frost,  and  the  super- 
incumbent ones  ^^drop"  down,  cansing  the  formation  of  vertical  clifEs 
that  have  a  general  resemblance  to  an  amphitheatre. 

Should  the  conglomerate  be  stratified,  its  constitution  be  sufficiently 
hard  to  admit  of  distinguishing  the  strata,  and  they  have  assumed  an 
inclined  position,  we  will  find  that  the  results  produced  by  erosion  agree 
closely  with  those  that  may  be  observed  in  a  coarsegrained  sandstone 
under  similar  conditions. 

Sandstones  can  be  appropriately  divided  into  two  main  groups,  heav- 
jly  bedded  and  tbinly  bedded,  each  of  which  may  consist  of  three  vari- 
eties, quartzitiCj  calcareoiis^  and  argillaceou8.  Of  these,  the  first  and 
third  are  by  far  more  numerous  than  the  second.  When  in  their  normal 
position,  f.  «.,  horizontally  stratified,  all  sandstones  show  similar  general 
results  produced  by  weathering  and  erosion.  Massive  beds  in  that  case 
present  comparatively  steep  slopes,  if  quartzitic,  rounded  and  more  gen- 
tle if  argillaceous.  This  is  evident  from  the  physical  character  of  the 
rock.  Sandstone  is  essentially  a  conglomerate,  or  vice  versa^  only  that 
the  bowlders,  &c.,  it  contains  are  of  very  diminutive  si^e.  Quartz,  car- 
bonate of  lime,  and  clay  form  the  cements  that  bind  the  small  grains  of 
sand  together.  The  more  loosely  tbey  are  combined,  therefore,  the 
more  readily  will  the  rock  yield  to  disintegrating  agents.  If  a  series 
of  sandstone  strata  is  not  homogeneous,  t.  «.,  most  of  the  strata  hard, 
others  soft,  and  the  reverse,  we  will  find,  provided  we  have  normal  strat- 
ification, that  "benches"  are  formed.  With  the  decreasing  thickness  of 
the  sandstone  beds  the  outlines  of  hills  or  valleys  formed  change  from 
comparatively  abrupt  to  gentle  ones,  the  summits  of  hills,  rarely  moant- 
ains,  are  rounded,  their  ridges  obtuse  or  obliterated,  and  their  slopes 
curved.  With  an  increase  of  clay  in  the  rock  we  observe  the  same 
effect. 

Into  horizontal  beds  of  this  group  flowing  water  cuts  valleys  or  caiions 
of  regular  shape.  Dependent  upon  the  hardness,  &c.,  these  may  have 
steep  or  gentle  slopes,  both  of  which  will  bo  very  similar  to  each  other. 
Vegetation  is,  in  tbis  instance,  a  very  destructive  agent,  changing  rap- 
idly the  minor  details  of  any  exposed  surface.  By  disintegrating  the 
sandstone  it  produces,  mechanically,  soil,  which  in  turn  is  frequently 
removed,  showing  the  rocks  to  which  it  owes  its  present  existence  in 
changed  and  modified  forms.  Avalanchial  and  water-worn  drift  assume 
shapes  that  correspond  to  the  physical  nature  of  the  strata  from  which 
it  is  derived.  Angular  bowlders  or  round  cobble-stones  denote  a  hard, 
strongly  resisting  rock.  If  these  former  are  rounded,  the  latter  flat  and 
of  oval  or  round  form,  wo  have  a  soft  sandstone. 

At  many  localities  the  vertical  or  approximately  vertical  cleavages  in 
sandstone  strat-i  can  be  observed.  These  give  rise  to  vertical  or  very 
steep  hluli's,  by  the  separation  of  some  portions  from  the  main  body  of 
the  bed^. 

Wherever  the  strata  arc  not  in  their  normal  position,  either  inclined 
or  standing  on  edge,  the  character  they  exhibit  difl'ers  somewhat  from 
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tbat  above  given.  Again,  it  is  of  importance  whether  the  sandstone  is 
a  hard  or  soft  one,  massively  or  thinly  bedded.  As  a  rale,  all  sand- 
stones, if  their  strata  are  inclined,  form  hills  that  show  a  gentle  slope 
with  the  dip,  a  steeper  one  opposite.  Bonnded  forms  prevail,  nnless, 
indeed,  we  have  one  of  those  cases  where  sandstone  merely  forms  the 
capping  of  a  bloff,  overlying  more  readily-disintegrated  rocks.  Shonid 
the  strata  stand  on  end,  then  they  will  generally  project  prominently  in 
narrow  ledges,  represented  sometimes  only  by  isolated  '< sentinels"  that 
indicate  the  strike  of  the  stratum.  The  harder  portions,  in  snch  a  case, 
will  resist  eroding  influences  and  remain,  while  the  softer  ones  gradu- 
ally di8api)ear,  adding,  by  their  absence,  to  the  prominence  of  the 
former. 

Attrition  by  sand  which  is  carried  with  considerable  velocity  and 
force  by  the  wind  is  a  well-known  agent  of  erosion  that  can  demon- 
strate its  influence  in  a  region  containing  sandstones.  The  results  pro- 
dooed  by  this  species  of  erosion  are  manifested  in  the  minor  details 
mainly,  in  rare  instances  only  having  much  influence  upon  the  general 
configuration  of  a  mountain  or  hill. 

Ai'gillaceous  sandstone  gradually  merges  into  shales  and  marls,  so 
imperceptibly,  sometimes,  that  it  is  often  a  matter  of  doubt  whether  we 
should  term  certain  beds  shaly  sandstones  or  arenaceous  shales.  So, 
too,  do  the  products  of  atmospheric  and  aqueous  erosion  blend  into 
each  other. 

Shales  and  marls,  interstratified  with  sandstones,  are  productive  of 
forms  that  depend  in  a  great  measure  ui>ou  the  character  of  the  latter. 
If  they  are  hard,  weathering  but  slowly,  we  will  generally  find  that 
more  or  less  gently  rounded  hills  are 'the  result,  which  contain  nume- 
roos  ^^  steps"  or  benches,  each  one  the  result  of  the  greater  resistance 
shown  by  the  sandstone.  If  this  latter  is  argillaceous,  however,  and 
its  beds  not  too  thick,  the  slopes  of  hills  and  blufi's  will  usually  be 
steep,  showing  an  evenly-sloping  angle.  In  that  case,  a  stratum  of 
sandstone  most  frequently  acts  as  a  protecting  cap,  preserving  the 
underlying  shales  from  further  erosion.  Vertical  cleavage  -  planes 
throughout  the  series  of  strata  produce  local  precipitous  slopes. 

Water  cuts  deeply  into  the  members  of  this  group,  i)roducing  nar- 
row, steep  gullies  and  ravines.  As  a  rule,  their  sides  are  very  even, 
aflbrding  a  symmetrical  profile  on  a  transverse  section.  Banks  of  sand- 
stone or  dolomitic  beds  form  benches,  running  along  with  great  regu- 
larity, broken  where  the  facility  for  so  doing  was  aflforded  by  already- 
existing  cleavage  fractures  or  faulted  displacements. 

Homogeneous  shales  and  marls,  u  e.,  without  interstrata  of  either 
sandstones  or  dolomites,  assume  very  characteristic  shapes.  They  erode 
in  regular  forms,  representing,  en  miniature^  the  slopes  of  mountain 
ranges  and  ridges.  Wherever  no  protecting  cap  of  sandstone  occurs, 
or  where  it  has  gradually  been  carried  off,  we  can  observe  in  the  carving 
of  the  shales  steep  slopes,  regular  sides,  and  a  disposition  of  spurs  and 
ravines  that  would  admirably  correspond  to  a  model  range.  Difference's 
of  color  in  that  case  produce  very  beautiful  effects.  Never-ceasing 
denudation  slowly  but  surely  levels  these  small  ridges  in  the  course  of 
time.  Wherever  the  shale-beds  have  been  changed  from  their  normal 
horizontal  position  they  give  rise  to  the  formation  of  valleys.  This  is 
more  particularly  the  e^se  if  they  are  over  and  underlaid  by  harder  series 
of  strata.  Tbe  lesser  resistance  of  the  shales  to  erosive  agents  allows 
them  to  be  removed  more  rapidly  than  the  neighboring  groups,  and  par- 
ticularly flowing  water  shows  its  activity.  Lateral  valleys  with  steep 
sides,  little  more,  often,  than  ravines  and  gorges,  enter  the  'main  one,  and 
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the  waters  they  contain  aid  in  shaping  and  enlarging  the  latter.  Unless 
the  strata  are  inclined  this  feature  is  not  so  noticeable,  because  then  the 
valleys  arc  cut  in  more  regularly,  and  do  not  follow  the  strata  of  the 
shales,  but  in  preference  the  dip,  which,  though  scarcely  perceptible, 
generally  exists.  Vegetation  partly  preserves,  partly  destroys,  the  detail- 
features  of  regions  where  shales  predominate.  In  the  former  instance 
it  is  the  small  plants  that,  by  their  matted  roots^  protect  the  easily-dis- 
integrating material  from  erosion ;  in  the  latter  it  is  the  large  plants  that, 
loosening  the  shales,  render  them  more  readily  transportable.  As  a  rule, 
however,  shales  are  eroded  altogether  too  rapidly  to  admit  of  any  consider- 
able accumulation  of  small  vegetation  on  the  steep  slopes  they  present, 
so  that  they  are  unprotected  against  atmospheric  and  other  eroding 
agents.  Owing  to  the  steepness  of  these  slopes,  but  a  small  amount  of 
the  detritus  remains  upon  them,  but  rolls  or  slides  down  and  forms 
a  yielding  talus  at  the  base  of  the  bluff  or  cliff  which  has  furnished 
the  material  requisite. 

Land-slides,  mostly  of  small  extent,  occur  quite  frequently  in  shales 
and  in  shales  interstratified  with  sandstones.  They  are  due  mainly  to 
the  existence  of  *^  water-strata."  As  such  I  designate  strata  or  layersof  a 
very  tough,  impenetrable  shale.  Water  precipitated  upon  the  surface 
percolates  through  the  fissures,  &c.,  of  the  various  beds,  until  it  reaches 
a  water-stratum.  Owing  to  the  physical  constitution  of  the  latter,  it 
is  prevented  from  descending  farther,  excepting  at  such  places  where  a 
break  may  occur  in  the  stratum.  The  result  is  that  small  rivulets  of 
water  are  formed  between  the  water-stratum  and  the  succeeding  bed 
above  it.  An  inclination  of  the  beds  will  direct  the  course  of  the  water. 
Wherever  opportunity  may  be  afforded,  the  latter  will  continue  its 
downward  course,  and  wherever  the  conditions  are  favorable  it  will 
emerge  from  the  side  of  a  bluff  or  in  a  valley,  in  the  form  of  springs. 
Should  the  inclination  be  sufficiently  steep,  the  comparative  separation 
of  two  strata,  by  this  accumulation  of  water,  will  often  result  in  a  down- 
ward movement  of  the  superincumbent  beds,  facilitated  by  the  smooth 
surface  which  the  water  produces.  It  is  thus  that  land-slides  are  so 
frequently  formed  in  regions  where  shales  are  abundant. 

Although  the  water-strata  themselves  consist,  almost  invariably,  of 
shales,  they  are  not  confined  to  any  special  formation,  but  are  found  in 
all  or  nearly  all  sedimentary  groups.  In  sandstone  and  limestone  strata 
they  occur,  producing  the  same  results  as  elsewhere.  In  a  region  that 
is  but  sparingly  supplied  with  flowing  water  the  recognition  of  their 
existence  is  of  great  importance,  furnishing,  as  it  does,  a  clew  to  the 
localities  in  which  springs  may  be  found.  On  the  faces  of  bluffs  the 
water-strata  are  generally  indicated  by  moist  horizons,  by  efiSorescence 
of  epigeno  minerals  or  by  stains  produced  by  hydrated  oxygen  com- 
pounds of  iron  and  manganese.  Where  the  relative  position  of  a 
stratum  of  this  kind  has  been  established,  it  will  materially  aid  in  the 
discovery  of  existing  springs,  or  in  the  selection  of  the  most  favorable 
localities  for  wells.  Its  horizontal  extension,  of  course,  is  not  without 
breaks  and  dry  portions;  but,  as  a  rule,  the  existence  of  water  may 
be  depended  upon  at  such  i>laces,  which  would  afford  the  greatest  facil- 
ity for  the  egress  of  water  at  the  relative  niveau  of  the  water-stratum. 

Deposited  with  the  aid  of  chemical  action, — To  this  group  belong  essen- 
tially the  limestones  and  dolomites.  They  differ  in  general  surface-fea- 
tures from  the  preceding  series.  Insteail  of  a  purely  mechanical  erosion, 
we  have  here  mainly  a  decomposition,  or  chemical  alteration,  and  a  subse- 
quent removal  of  such  altered  portions.  General  atmospheric  agents, 
more  particularly  water,  have  the  greatest  effect,  chemically,  upon  the 
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itx^ksbeloDgiDg  to  this  group.  Flowing  water  takes  advantage  of  existing 
cracks  and  fissures,  cuts  its  way  along  the  most  favorable  route,  and  re- 
moves largequantitiesof  both  kindsof  rock.  This  is  the  case  more  partic- 
ularly when  the  water  contains  an  appreciable  percentage  of  carbonic 
acid  gas.  If  horizontally,  or  nearly  so,  stratified,  the  limestone  beds  will 
show  aqueous  erosion  commensurate  with  the  greater  or  lesser  density  of 
their  structure.  Cleavage-planes  and  cracks  produced  by  undermining 
result  in  vertical  walls,  that  not  unfrequently  are  found  in  limestone- 
areas.  Should  the  strata  be  inclined,  they  will  present  very  much  the 
same  features  we  would  find  in  a  calcareous  sandstone.  Instead  of 
aharp  ridges  we  will  then  see  more  gentle  slopes,  worn  away  gradually. 
The  crest  itself  will  generally  be  steep,  as  will  also  the  slopes  exposing 
the  edges  of  strata. 

Vegetation  is  a  i)owcrful  agent  of  decomposition,  l^ot  only  does  it 
employ  the  directly  acting  mechanical  force,  which  manifests  itself  dur- 
ing the  i)eriod  of  growth,  but  it  also  acts  as  a  chemical  agent.  Experi- 
ments have  shown  that  even  the  most  delicate  root-fibres  of  a  ])1aiit 
will  attack  the  polished  surface  of  marble,  of  limestone  in  general.  Thus. 
certain  portions — those  containing  the  purest  calcium  carbonate — will 
be  exposed  lo  more  vigorous  attacks  from  vegetation  than  others  con-^ 
taining  admixtures  of  clay  and  silica,  for  instance.  Thus  an  inequality 
of  the  surface  is  eventually  produced,  which  will  be  corrected  at  th^ 
cost  of  additional  transportation  of  material  from  the  original  stratunk 
or  strata^ 

Dependent  upon  the  chemical  constitution  of  limestones  and  uponi 
their  structure  is  their  character  as  drift.  Avalanchial  drift  can  be> 
found  showing  both  the  angular  and  the  rounded  bowlders.  Iliver  and 
other  water- worn  drift  is  scarcely  characteristic  enough  to  admit  of  any 
distinction,  if  we  except  the  peculiar,  sometimes  indistinct,  grooving: 
open  the  pebbles,  which  is  due  either  to  admixture  of  harder  material 
or  to  the  action  of  plant-roots.  Marble  is  but  a  homogeneous  crystal- 
line limestone,  and  its  behavior  both  under  direct  mechanical  and  chem^- 
leal  action  is  entirely  in  conformity  with  its  physical  character. 

ERUPTIVE  ROCKS. 

These  can  appropriately  be  separated  into  four  groups : 

{a.)  Massive  volcanic  eruptions,  extending  in  flows  over  large  areas; 
(fr.)  Local  massive  volcanic  eru|>tions,  extending  but  a  short  distance*. 
(c.)  Volcanic  eruptions,  in  contradistinction  to  those  termed  ^^  mas- 
sive." 
(dL)  Volcanic  dikes  and  dike-systems. 

Massive  volcanic  eruptions  are  especially  well  represented  in  Colorado- 
Owing  to  the  regularity  and  extent  of  the  flows  we  can  appropriately 
speak  of  volcanic  strata.  Wherever  rocks  belonging  to  this  group  have* 
been  observed  they  were  found  to  retain  the  same  general  character,. 
varied,  of  course,  by  local  changes  in  their  physical  constitution.. 
Serious  disturbances  of  the  strata  are  comparatively  rare,  confining 
themselves  mostly  to  local  faults.  Viewed  as  a  whole,  we  may  say  that 
the  rocks  of  this  group  resemble  sandstones  more  than  any  others.. 
Several  physical  varieties  exist,  hard,  slowly  eroding  and  resisting  at- 
mospheric influences  for  a  long  time, comparable  to  quartzitic  sandstone;; 
sofker,  of  irregular  physical  structure,  including  tuffs,  are  analogous  ia 
behavior  to  argillaceous  and  partly  calcareous  sandstones.  Conglom- 
erates are  not  wanting. 

7  o 
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The  primary  tendency  of  strata  belonging  to  this  group  is,  to  form 
table-lands.  Extending  in  long-oontinned  flows  over  softer,  less  homo- 
geneous rocks  underneath,  they  present  a  solid,  unbroken  sheet,  which 
is  less  readily  attacked  by  erosive  agents  than  other  formations  would 
be.  Slight  variations  in  dip  direct  the  water-conrses,  or  they  are  deter- 
mined by  favorable  contact-lines  with  older  groups,  or  follow  fissures  and 
subsidences  produced  by  subsequent  seismic  activity.  A  more  or  less 
homogeneous  paste  contains  several  si)ecies  of  segregiited  minerals  in  the 
rocks  of  this  group,  and  it  is  the  decomposition  of  those  latter  that  ini- 
tiates disintegration  of  the  entire  mass.  Generally  the  actioti  of  atmos- 
pheric agents  in  changing  the  surface  of  such  areas  is  an  exceedingly  slow 
one,and  would  be  still  more  so,did  notexistingfracturelinesaooeleratethe 
same.  The  eventual  result,  as  produced  by  the  combined  influence  of 
already-formed  fissures  and  by  erosion  of  all  kinds,  is  a  double  one,  de- 
pendent, in  a  great  measure,  u|K)n  the  thickness  of  the  volcanic  beds. 
Wherever  they  are  thin,  overlying  either  crystalline  or  sedimentary 
rocks,  they  form  more  or  less  evenly  sloping  plateaus  or  high  lands.  In 
that  case  they  occupy  the  highest  portions  of  the  region,  rising  at  times 
to  isolated  hills  or  mountains  which  denote  the  locality  of  the  original 
outflow.  This  is  entirely  changed,  however,  when  we  have  a  thickness 
of  volcanic  beds  amounting  to  4,000  to  7,000  feet.  Then  we  find  that 
erosion  has  produced  narrow  valleys,  bordered  on  either  side  by  moun- 
tains. Gentle  or  steep  slopes  occur  in  the  latter  according  to  the  physi- 
cal character  of  the  material  composing  them.  As  in  the  sandstone 
areas,  we  here  find  that  certain  strata  are  harder  than  others,  probably 
by  having  been  reheated,  and  they  then  give  rise  to  the  formation  oif 
*^  benches"  on  the  mountain  or  hill  side. 

A  homogeneous  series  of  flows  will  produce  a  regular,  pyramid-shaped 
mountain,  the  slopes  of  which  show  horizontal  stratiflcation.  Between 
such  mountains  the  valleys  cut  down  at  even  inclinations  of  their  sides, 
unless  caiions  of  se|>aration  should  set  in  and  produce  the  characteristic 
rertical  walls.  One  feature,  occurring  quite  frequently  on  a  grand 
scale,  changes  all  these  results,  however.  It  is  columnar  structure  of  the 
Tolcanic  It^s.  In  that  case  the  easy  separation  of  columns,  produced 
by  the  action  of  gradual  disintegration  and,  more  particularly,  frost, 
«causes  them  to  fall  from  the  face  of  the  mountain  and  leave  vertical 
,precii>ioes,  which,  by  a  continuation  of  this  action,  slowly  recede  toward 
»the  summit  of  the  peak.  Although  regularly-formed,  well-defined  col- 
>umus  are  of  com[>aratively  rare  occurrence,  an  attempt  at  such  structure 
snay  frequently  be  noticed,  and  its  existence  aids  greatly  the  modiflca- 
tion  of  orographic  features. 

Alternating  at  some  places  with  tliese  hard  strata  are  other  of  less 
durable  texture.  In  certain  horizons  (speaking  of  Colorado)  flows  are 
found  that  contain  a  paste  resisting  atmospheric  influences  less  success- 
fully. It  is  more  readily  attacked,  and  instead  of  the  minerals  it  incloses 
being  the  first  to  decompose,  the  paste  disintegrates  and  the  minerals 
are  contained  as  such  in  the  detritus,  from  which  often  good  crystals 
can  be  obtained.  Should  a  stratum  of  this  description  occur  on  the 
summit  of  a  mountain  or  ridge,  we  will  not  find  the  sharp,  angular 
forms  of  the  preceding  group,  but  will  observe  that  they  are  more 
rounded,  and  that  the  summit  itself  presents  a  more  or  less  plateau-like 
appearance.  This  is  due  to  the  erosion  and  transportation  of  the  softer 
■Stratum  to  such  a  depth  where  a  harder  one  may  again  be  reached,  and 
otter  more  energetic  resistance.  Within  strata  belonging  to  this  group, 
too,  we  find  caves  and  tunnels.  Tbey  are  formetl  partly  by  a  widening 
of  existing  fissures,  partly  by  gradual  disintegratiou  of  loosely  cemented 


wi>ucH.l  ERUPTIVE   ROCKS.  99 

portioDS.  lu  most  instances  of  these  kinds  the  openings  were  found  to 
be  larger  than  any  portion  of  the  interior. 

Erosion  by  flowing  water  is  productive  of  approximately  the  same  re- 
solts  in  these  two  grou[)s,  having  a  greater  effect  in  the  latter.  Valleys 
of  erosion,  occurring  in  a  series  of  ^'sofc"  flows,  are  wider  and  slope 
more  gently  at  the  sides  than  the  others.  In  consequence  of  the  un- 
bi-okeu  flows,  which  oiten  extend  over  many  square  miles,  water  collects 
in  slight  depressions,  which  are  incident  to  the  gentle  dip  or  due  to 
other  causes.  In  this  way  numerous  lakelets  are  sometimes  scattered 
over  plateaus,  which  latter  are  the  favorite  localities  for  such  occur- 
rences. Where  either  the  shallow  basins  existing  are  not  of  sufficient 
depth  to  contain  a  body  of  water,  or  the  quantity  of  the  latter  is  too 
small  to  fill  them,  extcAsive  swamps  are  formed  on  the  summits  of  pla- 
teaus. Vegetation,  wherever  the  conditions  may  be  favorable  to  its  ex- 
istence, has  a  great  influence  in  shaping  minor  details  of  orographic 
leatures.  Many  of  the  varieties  of  volcanic  rocks  decompose  very  slowly, 
and  furnish  but  little  soil  for  vegetation.  This  is  particularly  true  of  arid 
regions.  Vegetation  and  moisture  combined,  however,  rapidly  break 
down  the  first  barrier  of  impenetrability,  and  then  the  process  of  disin- 
tegration proceeds  steadily.  Besides  the  lack  of  water,  the  numerous 
avalanches  along  the  slopes  of  mountains  prevent,  to  a  great  extent,  the 
growth  of  vegetation.  Avalanches — composed  mainly  of  bowlders  and 
detritus,  less  of  snow — form  a  very  prominent  feature  in  all  those  dis- 
tnct^  where  the  volcanic  strata  exhibit  a  columnar  structure,  and  where 
hard,  brittle  beds  are  overlying  softer  ones,  more  readily  eroded.  The 
steeper  the  mountain-slope  is,  the  farther  can  the  avalanche  descend. 
It  destroys,  in  its  course,  what  vegetation  may  exist,  and  by  being  devoid 
of  soil  prevents  the  springing  up  of  a  new  growth. 

Brosiou  by  glaciers  is  in  proportion  to  the  harder  or  softer  nature  of 
the  strata  over  which  they  pass.  In  the  one  instance  they  produce  but 
slight  modifications  of  the  surface;  in  the  other  the  effect  produced  by 
them  aids  more  decidedly  in  changing  the  detail-orographic  features. 
Sand,  driven  by  wind,  has  considerable  influence  upon  the  minor  details 
of  mountain-slopes  and  isolated  groups,  carving  its  peculiar  rounded 
indentations  into  such  portions  of  the  strata  as  may  be  found  to  be 
BQfficieutly  yielding. 

Besides  these  two  groups  of  the  massive  flow  volcanics,  we  have  the 
toffs.  In  their  behavior  they  closely  resemble  marls.  Loosely  cemented, 
they  offer  scarcely  any  resistance  to  erosive  agents,  and  are  cut  into 
every  variety  of  picturesque  forms.  Cappings  of  solid  volcanic  material 
may  protect  them  in  places,  but  wherever  they  are  exposed  they  exhibit 
the  most  grotesque  groups  imaginable.  Greeks  and  rivers  cut  deeply 
iuto  banks  that  are  composed  of  this  material,  and  by  thus  undermin- 
ing snt^erincumbent  strata,  cause  a  vertical  or  approximately  vertical 
droppingof  the  latter.  Tuffs  are  of  local  occurrence,  but  may  be  counted 
upon  as  being  met  with  in  the  same  horizon  within  a  circumscribed  area. 
Conglomerates  are  not  wanting  in  volcanic  areas ;  show  the  same  char- 
acteristics, however,  as  any  others.  Conglomerates  of  sedimentary 
formations  have  been  discussed  above,  and  what  has  been  said  of  those 
is  also  applicable  here. 

Locdl  massive  eruptions. — These  differ  from  the  preceding  group  in 
several  respects.  Tbey  do  not  extend  over  very  large  areas,  and  are 
not  so  regularly  stratified.  As  a  rule,  isolated  mountain-groups  are  thus 
formed  that  have  no  direct  connection  or  relation  to  any  of  the  existing 
chains  or  ranges.  Volcanic  material  has  been  ejected  through  one  or 
more  fUsares  or  tubes,  and  for  certain  mechanical  reasons  has  not  spread 
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in  widely-exteDded  flows,  bat  built  up  a  small  range  or  group  of  moant- 
ains.  Physically  tho  rocks  of  this  series  resemble  the  unstratified  crys- 
talline aggregates  more  than  the  volcanics  of  the  first  group.  In  the 
paste  there  is  contained  a  by  far  larger  quantity  of  segregated,  crystallized 
minerals,  which  causes  the  lithological  character  of  the  rock  to  resemble 
that  of  finegrained  granite  more  nearly  than  that  of  a  trachyte.  Con- 
sequently we  find,  too,  that  so  far  as  erosion  and  the  influence  of  atmos- 
pheric agents  are  concerned,  the  volcanics  of  this  group  closely  resemble 
granite.  By  their  isolated  position,  however,  and  in  their  relations  to 
the  topogra|)hy  and  orography  of  the  neighboring  regions,  they  are 
readily  distinguished. 

Volcanic  eruptions. — Volcanic  ernptions  are  so  termed  in  contradis- 
tinction to  the  massive  outflows.  Within  Colorado  none  were  positively 
determined,  and  I  very  much  doubt  whether  there  ever  will  be.  The 
existence  or  indication  of  a  **  crater  "  built  up  by  the  outflowing  lava  is 
essential.  Cone-shaped  mountains  are  thereby  produced,  from  the  cen- 
tre of  which  the  liqnid  lava  is  poured  through  the  main  crater  and  lat- 
eral fissures,  over  a  sometimes  considerable  extent  of  country.  Many 
of  the  eruptions  observed  in  Colorado  approach  these  in  general  char- 
acter, but  are  not  saffie:e:!tly  typical  to  receive  even  the  name.  They 
belong  to  a  diflerent  class  throughout,  and  cannot  justly  be  compared  to 
the  Ibrmer. 

Dikes  and  dike-systems, — Among  the  volcanic  formations  these  are 
some  of  the  most  interesting,  both  as  regards  their  distribution  and  the 
features  they  exhibit  upon  being  exposed  to  eroding  influences.  Dikes 
show  themselves  on  the  surface  generally  as  more  or  less  regular  walls, 
or  form  narrow,  sharp  ridges.  One  occurrence  that  must  be  classed 
among  them  is  that  where  tho  material  composing  them  has  reached  the 
surface,  and,  gradually  overflowing,  has  formed  coffin  shaped  or  cone- 
shaped  hills  and  mountains. 

Simple  dikes  penetrate  mainly  sedimentary  beds,  and,  upon  the  grad- 
ual removal,  by  erosion  and  transportation,  of  the  contiguous  beds, 
they  stand  out  prominently.  Disintegration  of  the  hard  volcanic  rock 
composing  the  dike,  widening  of  originally  narrow  fissures,  or  removal 
of  certain  portions  by  water,  produce  breaks  in  these  walls.  In  that 
case  they  may  frequently  be  represented  by  isolated,  columnar  masses, 
the  general  distribution  of  which  indicates  the  course  of  the  unbroken 
dike  lower  down.  Orographically  they  impart  to  a  region  where  they 
are  found  a  peculiar  character.  Although,  as  a  rule,  they  stand  out 
prominently,  not  disturbing  the  general  level  of  the  adjoining  beds,  they 
sometimes  give  rise  to  the  formation  of  narrow  ridges  and  hogback- 
shaped  hills.  This  is  accomplished  either  by  their  protecting  from  ero- 
sion those  beds,  or  by  having  rendered  them  more  resisting  through  par- 
tial or  complete  metamorphosis.  Isolated  knolls  and  buttes  are  fre- 
quently formed  by  the  remnants  of  once  continuous  dikes,  of  which 
portions  have  been  worn  away  to  the  present  level  of  the  region  in  which 
they  oc4!ur. 

Dike-systems  have  by  far  moreinfluenceindeterminingsurface  features 
than  simple  dikes,  and  are  not  unfrequently  the  original  cause  of  pro- 
ducing prominent  hills  and  mountiiins.  It  will  generally  be  observed 
that  a  dike  system  has  either  one  central  starting-point,  or  one  line  from 
which  the  single  dikes  emanate.  If  these  are  sulliciently  near  together, 
or  have  hardened,  by  alteration,  the  media  through  which  they  have 
passed,  they  will  aftbrd  ample  protection  from  erosion  to  the  strata  they 
have  traversed.  Thus  every  dike  will  form  the  crest  of  a  narrow  ridge 
leading  toward  the  central  point  or  line  of  outfiow.    In  case  the  dikes 
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are  snfiBciently  nnmerons,  they  may  readily  fctrm  in  this  maDner  a  moun- 
tain or  mountain  group  of  considerable  height  ai\d  extent.  Added  to 
the  *^  power  of  preservation"  that  these  dikes  haVe/'with  reference  to  the 
neighboring,  more  readily  disintegrating  strata,  is.  the  fact  that  often 
the  formation  of  the  dike-system  itself  was  accompanied;by  a  local  ver- 
tical upheaval,  thus  increasing  the  relative  height  bf*\the  beds  which 
afterward  owe  the  position  they  retain  directly  to  the  iu3uence  of  the 
intrusive  volcanic  material.  *;*  V 

Various  conditions  under  which  the  dike-rock  must  have  *cooled,,have 
produced  different  physical  characters.  While  some  of  them  Withstand, 
most  successfully,  the  atmospheric  and  other  erosive  agents;  others 
readily  disintegrate  by  breaking  into  more  or  less  angular  fra^'ents, 
which  are  not  long  sustained  at  the  points  of  their  original  occuri^ce, 
but,  rolling  down,  form  a  talus  along  the  base  of  the  dike.  Thcinfl^i- 
ence  of  dike-occurrences  upon  local  orographic  features  is  one  not  id -be 
underestimated.  Although  apparently  unimportant,  when  seen  only -fu 
a  single  representative,  they  develop  the  ability  of  totally  changing  the 
face  of  a  region  wherever  they  may  be  found  in  sufficient  numbers  and 
in  the  proper  arrangement  for  that  purpose. 

SPECIAL  FEATURES. 

As  special  features  the  various  curious  results  of  erosive  agents  may 
be  briefly  alluded  to.    Among  these  we  may  count — 

Caves  and  tunnels. 

Arches  and- 

**  Monuments.  ^ 

Caves  may  owe  their  formation  to  various  causes.  Prominent  among 
these  are  subsidences,  excavation  by  chemico-physical  agency,  and  ero- 
sion in  its  widest  sense.  Only  the  last-named  enters  into  consideration 
here.  Most  frequently  such  caves  are  met  with  in  sandstones,  volcanic 
beds,  and  hard  conglomerates.  They  are  due,  mainly,  to  the  existence 
either  of  strata  or  locally  circumscribed  spots  that  are  composed  of  ma- 
terial disintegrating  more  readily  than  its  surroundings.  Percolating 
waters  penetrate  to  any  depth  that  has  ever  been  examined,  and  should 
they  reach  such  a  stratum  or  portion  of  stratum  which,  for  instance, 
was  exposed,  the  action  of  the  water  alone,  more  particularly,  however, 
that  of  the  frozen  water,  would  produce  a  gradual,  successive  scaling 
off  of  certain  parts,  until  an  opening  in  proportion  to  the  extent  of  the 
yielding  rock  is  formed.  Adjoining  strata  will  also  be  attacked,  but 
suffer  less  than  the  soft  inclosure. 

Arches  are,  in  case  they  are  produced  by  erosion,  the  most  complete 
form  of  eaves  formed  by  the  same  agents.  It  is  natural  that  they  can- 
not occur  unless  the  conditions  are  very  favorable.  It  is  again  a  softer 
stratum  or  portion  of  the  stratum  that  is  attacked.  Instead  of  having 
the  face  of  a  bluff,  however,  we  must  have  either  an  isolated  group  or 
narrow  wall  of  the  rock.  Then  the  susceptible  parts  are  subjected  to 
erosive  agents  from  both  sides.  Gradually  losing  more  and  more  ma- 
terial, the  wall  becomes  thinner,  until  finally  the  aperture  is  cut  en- 
tirely through,  and  the  arch  is  completed.  Subsequent  erosion  will 
give  it  outlines  that  are  in  conformity  with  the  original  extent  of  the 
soft  spot.  Another  method  of  formation  was  observed  in  an  isolated 
block  of  sandstone,  in  the  centre  of  which  there  was  an  opening  large 
enough  to  permit  the  passage  of  two  men  abreast.  It  was  there  no- 
ticed that  a  vertical  narrow  fissure  traversed  the  entire  height  of  the 
huge  block.    Water  accumulating  in  this  fissure  had  saturated  a  soft 
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•  •  * 

interstratam,  and  the  ddoceeding  frosts  and  thaws  had  eventaally  pro- 
duced the  arch.         ' ; '. 

Four  kinds  of  '^  ninpXimentA''  may  be  distinguished.  More  frequently 
met  with  than  ap^  others  are  those  composed  entirely  of  sandstone. 
Then  follows  th^  mtm  having  a  pedestal  of  shale  and  a  sandstone  cap. 
Monuments  eroaed  from  compact  conglomerate  are  frequent  in  certain 
localities.  0*(^^6lass  of  occurrences  might  be  termed  ^^  accidental  ^  mon- 
uments. 'Tbvsf  fast  one  is  composed  of  some  eroded  material,  capped  by 
a  single  erFatio  bowlder,  which  has  its  origin  sometimes  far  distant. 
Aqueou's.erosion  may  be  considered  as  the  primary  impulse  toward  the 
formatfoq'of  such  monuments.  Detail  features  are  subsequently  pro- 
duc<Sd*ijy  atmospheric  agents,  and  by  sand  driven  before  the  wind.  All 
of/tl^ede  forms  depend  upon  tiaving  a  hard,  protecting  cap,  which  will, 
^t* least  for  some  time,  prevent  a  disintegration  and  eventual  removal 
,  (>f*'the  more  or  less  regular  column  supporting  it.  A  great  deal  has 
M'been  said  and  written  about  the  famous  groups  of  Colorado,  belonging 
.  >b  thik  category,  so  that  this  brief  allusion  to  their  existence  must  suf- 
fice. By  their  peculiar  and  picturesque  appearance  they  attract  the 
eye  of  even  a  passing  traveller,  and  have,  therefore,  become  justly  re- 
nowned. 

DRIFT. 

Water,  flowing,  has  the  most  pronounced  action  upon  drift.  In  dis- 
cussing the  latter,  avalanchial  drift  will  not  be  considered,  but  only  that 
deposited  directly  by  ice  or  water.  So  far  as  the  result  of  erosion  is 
concerned  the  effect  upon  the  two  is  essentially  the  same.  Both  precipi- 
tated and  flowing  water  have  a  tendency  to  remove  from  the  drift  the 
smaller  portions  of  detritus  and  the  slight  accumulations  of  clay  and 
sand  and  silt.  Thus  the  final  result  would  be  an  accumulation  of  erratic 
bowlders,  without  any  sand  or  clay  connecting  the  single  pebbles.  As 
a  rule  this  final  result  is  not  achieved,  however,  because  the  same  water 
that  removes  sand  and  silt  from  one  locality  deposits  it  within  the  drift- 
area  at  another.  An  accumulation  of  the  smaller  drift  particles  forms 
alluvial  soil.  Here,  too,  the  endeavor  is  constantly  noticeable  to  remove 
finer,  lighter  particles  and  leave  only  the  heavier  ones.  Were  it  not  for 
the  unceasing  supply  from  other  sources,  our  alluvial  soil  would  even- 
tually disappear  as  such.  Deep  ravines  and  gorges  are  cut  into  the 
drift  by  flowinc:  water,  and  large  quantities  of  it  are  thereby  trans- 
ported to  other  localities. 

All  rocks,  upon  disintegration  and  decomposition,  partial  or  complete, 
-form  soil,  and,  dependent  upon  the  lithological  constitution  of  the  origi- 
nal rock,  this  soil  may  be  classified. 

CONCLUSION. 

With  the  above  report  the  discussion  of  my  field-work  in  Colorado  is 
completed.  From  1873  to  187G,  inclusive,  I  was  engaged  in  studying 
the  geological  features  of  that  State  at  various  localities.  During  that 
time  about  27,000  square  miles  were  surveyed  by  the  parties  to  which  I 
was  attached.  By  an  excellent  arraugement  of  the  field-parties,  I  was 
enabled  to  explore  contiguous  areas  during  the  three  first  years.  Their 
extent  amounted  to  about  23,200  squai^e  miles.  It  is  evident  that  thus 
the  work  was  greatly  facilitated.  By  being  able  to  trace  the  same  forma- 
tions over  so  large  an  area  many  points  in  question  were  cleared  up 
that  otherwise  must  have  remained  doubtful.  Correlations  of  forma- 
tions and  groups  appeared  in  a  more  definite  light,  and  were  more 
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readily  recognized.  Were  it  possible  that  the  geologist  coQld  enter  the 
field  with  completed  maps  in  his  hand,  his  work  might  be  more  thor- 
oughly done,  his  time  could  be  devoted  more  satisfactorily  to  points  re- 
quiring special  investigation,  and  his  results  presented  would  necessa- 
rily have  a  greater  value.  Wherever  topographer  and  geologist  can 
work  in  perfect  unison,  however,  this  feature  of  comparative  incomplete- 
ness can,  in  a  great  measure,  be  obviated. 

At  this  place,  at  the  close  of  my  field-work  in  Colorado,  it  may  be 
justifiable  to  present  a  brief  synopsis  of  the  observations  made  and  de- 
ductions drawn  therefrom.  Much  will  be  but  a  repetition  of  what  has 
been  stated  in  the  ^*  conclusions"  of  preceding  years.  By  presenting, 
however,  the  sum  of  the  results  in  a  concise  manner,  a  more  con- 
nected view  of  the  entire  subject  may  be  obtained.  It  is  evident  that, 
in  spite  of  the  large  area  covered,  many  omissions  of  characteristic 
features  of  each  formation  will  occur.  In  such  cases  references  will  be 
made  to  the  work  of  others  where  the  wanting  members  are  supplied. 

A  formidable  array  of  formations  presents  itself  for  discussion.  Some 
of  them  are  entirely  unique  in  their  character,  others  offer  much  difii< 
cultyasto  ultimate  position  in  classification.  Slowly  are  we  gaining 
definite,  applicable  knowledge  of  our  Western  groups.  Instead  of  being 
studied  as  such,  their  relations  to  over-  and  under-lying  formations  are 
DOW  a  matter  of  serious  consideration.  Viewed  thus,  from  a  more 
objective  stand-point,  there  is  every  promise  of  a  comparatively  speedy 
settlement  of  questions  that  have  heretofore  agitated  geologists  and 
others.  In  the  subsequent  pages  a  chronological  succession  of  the  for- 
mations will  bo  observed.  An  exception  is  made  in  the  case  of  the 
metalliferohs  deposits,  which  certainly  have  not  all  been  formed  at  the 
same  geological  period. 

PBOZOIO. 

In  preference  to  the  word  *' azoic,''  I  use  the  term  "  prozoic.''  It  pre- 
sents a  more  ready  definition  than  the  former  of  the  idea  that  it  is  in- 
tended to  convey.  Many  groups  of  geological  epochs  are  "azoic,"  but 
by  no  means  was  their  genesis,  as  such,  prior  to  the  appearance  of  life 
upon  the  earth. 

Belonging  to  this  group  we  have,  in  Southern  Colorado,  qnite  an  ex- 
tensive series.  It  comprises  gneisses,  granites,  various  schists,  and 
diorites.  Of  these  the  first-named  appear  to  be  the  oldest.  Their 
l)osition  as  such  may  be  inferred  from  their  relations  to  the  granites, 
more  particularly.  Associated  with  them  are  micaceous,  chloritic.  and 
hornblendic  schists;  all  of  these,  however,  in  subordinate  quantities, 
owing  their  existence,  essentially,  to  the  seemingly  accidental  predomi- 
nance of  the  one  or  other  constituent  mineral.  It  often  becomes  a 
matter  of  considerable  difficulty  to  discriminate  between  prozoic  and 
metamorphic  rocks.  But  few  points  can  be  used  in  evidence  for  one  or 
the  other  view,  owing  to  peculiar  relative  associations.  Petrographic 
characters  avail  very  little,  excepting  in  case  we  find  diorites.  By  far 
more  varied  and  of  enormous  development  are  the  members  of  the  suc- 
ceeding group. 

METAMORPHICS. 

t 

Large  areas  of  the  districts  surveyed  are  covered  by  rocks  of  this 
group.  They  represent  an  almost  endless  variety.  In  the  reports  of  each 
year  they  have  been  discussed  and  their  special  features  have  been  noted. 
It  is  a  difficult  matter  to  draw  the  line  of  distinction  between  the  pre- 
ceding^ and  this  group.    Although,  as  a  rule,  the  physical  characteristics 
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furnish  stroDjjf  evidence  in  favor  of  the  one  or  other  assamption,  the 
number  of  variations,  lithologically  and  structurally,  are  sufficiently 
great  to  produce  a  certain  amount  of  confusion.  As  definite  and  nsually 
well-determined  features  of  metamori)hic  rocks,  we  may  regard  petro- 
graphic  character  in  general,  recurrence  of  certain  lithological  charac- 
teristics in  the  same  horizon,  partial  or  complete  stratification,  and  the 
occurrence  of  certain  minerals  within  definitely  located  vertical  limits. 
In  several  instances  localities  may  be  observed  where  the  transition 
from  undoubted  sedimentary  intometamorpbic  beds  was  evident.  This, 
however,  must  be  considered  as  an  exception  rather  than  the  rule* 
Within  the  districts  I  have  examined,  a  few  cases  of  this  kind  were 
found,  and  aided  materially  in  interpreting  analogous,  though  not  such 
nnmistakable  occurrences. 

Oneiss  may  be  regarded  as  the  oldest  metamorphic  rock  in  the  dis- 
tricts examined,  its  relative  normal  position  to  granite  was  estab- 
lished at  several  points.  A  number  of  varieties  occur,  due  in  part  to 
the  texture  of  the  rock,  due  in  part  to  inclosed  accessory  minerals. 
Among  these  garnets,  hornblende,  and  crystals  of  feldspar  are  the  most 
prominent.  A  diminution  or  total  absence  of  this  latter  mineral,  which 
is  part  of  the  typical  gneiss,  causes  it  to  change  into  micaceous  schist. 
Accessions  of  hornblende,  or  chlorite,  frequently  entirely  supplanting 
the  mica,  transform  the  rocks  into  hornblendic  and  chloritic  schists. 
Similar  toan  arrangement  observable  in  the  granites,  such  changes  often 
remain  very  constant  in  the  same  horizon,  in  proof  of  the  metamorphic 
character  of  the  lithological  group.  The  older  sedimentary  formations 
have,  in  many  instances,  furnished  material  for  the  formation  of  gneisses 
and  allied  rocks.  From  the  chemical  composition  of  these  we  can  draw, 
to  a  ci'rtaiu  extent,  inferences  as  to  the  former  unchanged  condition  of 
the  beds  to  which  they  owe  their  present  existence.  An  incomplete 
knowledge  of  the  exact  powerR  of  the  metamorphosing  agents,  as  well 
as  of  the  manner  in  which  such  powers  manifest  themselves,  precludes 
any  argument  destined  to  establish,  with  certainty,  the  nature  of  the 
rocks  before  their  metamorphosis. 

Schvfta, — Micaceous,  hornblendic,  and  chloritic  schists  occur,  as  such, 
associated  with  other  metamorpbic  rocks.  Frequently  they  are  due  to 
substitution  of  minerals  within  the  gneiss,  but  they  also  are  found 
totally  independent  thereof.  As  metamorphics  they  are  the  result  of 
changed  rocks  that  in  their  original  condition  showed  a  different  chemi- 
cal composition  and  physical  structure  from  those  furnishing  the  gran- 
ites. If  a  suggestion  may  be  offered,  which,  however,  cannot  at  pres- 
ent be  proved,  I  would  say  that  argillaceous  sandstones  form  granite. 
With  the  decrease  or  increase  of  argillaceous  matter  in  the  sandstone, 
the  quantity  of  feldspar  in,  the  granite  stands  in  direct  proportion. 
Sillcious  sandstones  form  qnartzites.  Shales,  arenaceous  in  part,  are 
changed  into  gneisses,  and  if  tbe  quartz  in  them  is  predominant  they 
turn  into  schists.  Admixtures  of  ferric  oxygen  compounds  may  result 
in  the  formation  of  hornblendic  and  chloritic  minerals,  provided,  in  the 
latter  case,  that  magnesia  be  present.  These  deductions  suggest  them- 
selves from  the  observations  made  in  the  Quartzite  Mountains,  more 
particularly. 

Quartzite. — Although  generally  quartzite  cannot  be  classed  with  the 
metamorphic,  but  metamorphosed  rocks,  we  have  fouud  an  instance 
where  it  undoubtedly  belongs  to  the  former  group.  In  the  Quartzite 
3Iountains,  enormons  quantities  of  this  material  form  high  mountains. 
A  very  complete  alteration  of  the  original  sandstone  has  taken  place,  so 
that  now  the  single  fragments  resemble  very  closely  pure  quartz. 
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Stratification  bas  been  retained  in  a  measare,  and  were  it  not  for  tbe 
fact  the  qoartzites  there  appear  to  be  even  older  than  the  contiguous 
gneisses,  schists,  and  granites,  they  could  readily  be  regarded  as  merely 
changed  by  some  locally-acting  force,  and  not  by  that  which  is  desig- 
nated at  catogeneoas.  In  all  its  relations  this  quartzite  agrees  closely 
with  the  groups  above  enumerated.  It  shows  varieties,  dependent  upon 
adniixturesof  accessory  minerals,  and  has  preserved,  though  in  a  changed 
form,  tbe  characteristic  of  a  sedimentary  group. 

Oranite  may  be  regarded  as  the  best  represented  species  of  (his  group. 
It  is  both  the  most  widely  extended  and  the  one  showing  the  greatest 
number  of  variations.  Its  usual  composition,  feldspar,  quartz,  and 
mica,  is  changed  proportionally  by  predominance  of  one  or  the  other 
mineral^  and  thus  are  distinct  varieties  produced.  Accessory  minerals, 
such  as  hornblende,  tremolite,  tourmaline,  zircon,  magnetite,  and  others 
impart  to  it  local  characteristics  that  will  be  found  to  be  constant 
within  certain  limits.  Bands  or  zones,  almost  strata,  of  specifically 
different  granite  may  be  seen  in  detinite  horizons  within  the  heavy, 
bulky  masses  composing  a  range  or  chain  system.  These,  more  par- 
ticularly, furnish  acceptable  evidence  of  the  metamorphic  character  of 
the  rocks  under  observation.  luterbedded,  if  the  term  can  be  used,  are 
not  nnfrequently  gneisses  and  schists,  the  latter  showing  a  number  of 
varieties.  In  the  districts  which  1  examined,  the  metamorphic  granites 
form  a  very  prominent  feature.  Younger,  generally,  than  the  schistose 
rocks  occurring  near  or  with  them,  they  form  high,  steep  ranges  or 
series  of  smaller  ones  connected  by  the  saoie  material.  In  the  Quartz- 
ite Mountains  their  genesis  couhl  most  favorably  be  studied.  There 
the  direct  transition  from  sedimentary  beds  into  typical  granite 
was  observed.  In  case  a  detail  survey  could  be  made  of  that  locality, 
I  am  persuaded  that  the  very  beds,  unchanged  and  metamorphosed, 
could  be  identified.  So  far  as  my  observations  extend,  I  am  inclined 
to  regard  a  very  great  portion  of  granites  in  Southern  Colorado  as  meta- 
morphosed Silurian,  Devonian,  and,  in  rare  instances,  even  Carboniferous 
strata.  These  formations  have  furnished  the  material  which,  by  plu- 
tonic  activity,  has  been  transformed  into  the  condition  in  which  we  now 
find  it.  No  doubt  much  of  the  preSilurian  material  has  been  subjected 
to  a  treatment  attaining  the  same  end,  but  we  have  direct  evidence 
pointing  to  the  fact  that  younger  formations  also  have  been  utilized. 
It  is  not  the  purport  of  this  paper  to  enter  into  details  regarding  min- 
eralogical  constitution  of  the  various  granites  observed.  Keferences 
thereto  will  be  found  in  the  Annual  Reports  of  the  Survey.  Gradual 
or  more  rapid  cooling  of  the  metamorphosed  masses  has  resulted  in  the 
production  of  many  varieties.  All  of  these,  however,  can  be  recognized 
as  belonging  to  one  great  system. 

Metamorphics  generally  form  prominent  topographical  features,  easily 
recognizable,  and,  as  a  rule,  determining  the  character  of  the  country. 
Their  behavior  with  reference  to  erosive  agents  has  been  discussed  in 
Chapter  III  of  this  report. 

SILURIAN. 

In  various  parts  of  Colorado,  Silurian  beds  have  been  observed. 
They  crop  out,  at  lengthy  intervals,  along  the  Front  Eange.  In  the 
interior  of  the  State  the  Silurian  formation  reaches  a  greater  develop- 
ment. Within  the  districts  I  have  examine^l,  I  found  it  in  1873  and  1874. 
The  first  observed  was  in  the  viciuity  of  the  Arkansas  River,  both  north 
and  south  of  it.    Again,  it  was  seen  near  the  Animas  River^  in  Southern 
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Colorado.  In  both  instanoes  tbe  beds  belonged  to  the  Potsdam  Group, 
consisting  of  Potsdam  sandstone  and  the  calciferons  series,  or  portion 
thereof.  Dr.  Hayden  and  Dr.  Peale  have  observed  the  same  formations* 
in  the  regions  examined  by  them.  They,  too,  refer  the  beds  to  the  same 
groups.  Dr.  Pealet  suggests  the  existence  of  the  Trenton  or  perhaps 
even  Niagara  Group.  He  places  the  total  thickness  of  Silurian  stratai 
as  observed  by  himself,  at  about  820  feet. 

At  best,  the  Silurian  of  Colorado  is  of  bnt  subordinate  importanoe, 
as  such,  in  tbe  scale  of  sedimentary  formations.  So  far  as  I  could  de- 
termine, It  has  furnished,  in  a  number  of  instances,  the  material  for 
metamorphic  rocks.  Plutonic  activity  has  so  thoroughly  changed  the 
original  character  of  the  beds,  that  little  more  than  a  guess  dare  be 
ventured  regarding  the  former  condition  of  what  now  we  find  to  be 
granites,  schists,  and  other  kindr^  rocks.  The  groups  above  men- 
tioned have  been  determined  by  fossil  remains,  and  their  paralleliza- 
tion  with  beds  occurring  in  the  eastern  portion  of  the  Nortb  Ameri- 
can continent  is,  therefore,  well  established.  Their  occurrence  farther 
north  of  Colorado  and  their  identification  within  Dakota,  Idaho,  Wyom- 
ing, and  Montana,  point  to  a  considerable  invasion  of  the  western  con- 
tinent duritig  the  earliest  sedimentary  times.  It  is  tbe  Silurian  forma- 
tion, mainly,  that  can  furnish  indications  as  to  the  distribution  of  land 
and  water  during  the  period  immediately  preceding  the  first  well-au- 
thenticated appearance  of  life. 

DEVONIAN. 

At  a  number  of  localities  this  formation  occurs.  It  becomes  a  difficult 
matter  to  draw  closely  tbe  lines  of  separation  between  both  the  older 
Silurian  and  tbe  younger  Carboniferous.  Essentially  we  have  in  South- 
ern Colorado  a  very  extensive  series  of  limestones,  representing  the  De- 
vonian formation.  Interstrata  of  shales  and  sandstones  occur  near  the 
base  and  near  tbe  top.  On  tbe  Animas  the  most  complete  development 
was  observed.  At  tbat  locality  a  considerable  portion  of  tbe  Devonian 
beds  bad  been  subjected  to  metamorphosing  agents,  together  with  the 
Silurian.  I  am  inclined  to  tbe  opinion  tbat  this  has  taken  place  in  a 
large  number  of  instances,  comparatively  speaking,  but  at  present  the 
original  beds  have  so  completely  lost  tbeir  identity  that  they  can  no 
longer  be  recognized.  From  the  imperfect  data  that  could  only  be  ob- 
tained with  reference  to  this  formation,  it  is  almost  impossible  to  make 
any  comparison  of  our  Western  (Colorado)  Devonian  with  Eastern  groups. 
Sbould  any  one  be  suggested,  we  may  find  tbat  the  large  portion  will  be 
parallel  to  tb^^  Lower  Devonian  groups  of  tbe  East.  A  prominent  feature 
in  tbe  Western  Devonian  is  tbe  intermingling  of  Devonian  with  Lower 
Carboniferous  types.  This,  too,  can  be  observed  in  those  beds  usually 
assigned  to  the  Carboniferous  proper. 

GABBONIFEBOnS. 

Into  three  main  groups  has  this  formation  been  divided.  The  lowest 
or  oldest  one  consists  of  massive  beds  of  limestones.  It  is  followed  by 
a  series  of  sandstones  and  shales,  containing  heavy  strata  of  limestone 
occasionally.  A  very  characteristic  red  sandstone  of  great  thickness 
concludes  tbe  formation.  Witbiu  this  latter  group  interstrata  of  lime- 
stones occur.    They  are  fossiliferous  and  have  determined  tbe  age  of  the 

-  Kep.  U.  S.  Geol.  Siirv.,  1874,  pp.  41,  111,  and  Rep.  1873,  p.  202. 
t  Rep.  U.  8.  Geol.  Surv.,  Itf71,  p.  113. 
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former.  Dr.  Peale*  has  recognized  a  Permian  or  Permo-Carboniferous 
division.  In  my  districts  I  have  not  observed  this.  Thronghoat  the 
State  the  Carboniferous  formation  is  well  characterized  by  fossils,  suffi- 
ciently to  set  at  rest  all  doubt  regarding  the  identity  of  the  groups.  It 
may  be  noticed  that  Carboniferous  beds  have  in  Southern  Colorado  been 
subjected  to  considerable  contortions.  Plications  of  a  complex  nature, 
fiinitingy  and  overturns  denote  the  exercise  of  an  enormous  force.  So 
Cftr  as  can  be  determined,  these  disturbances  must  have  taken  place 
doring  a  period  of  time  subsequent  to  the  deposition  of  the  older  Creta- 
ceous beds.  Unless  it  is  possible  to  extend  observations  over  a  large 
area  it  will  be  no  easy  matter  to  recognize  this  fact.  Carboniferous 
waters  seem  to  have  covered  almost,  if  not  entirely,  the  area  occupied 
before  then  by  Silurian  and  Devonian  deposits.  From  this  it  may  be  in- 
ferred that,  within  the  regions  under  discussion,  no  appreciable  disturb- 
ances can  have  taken  place  before  the  adventof  the  Carboniferous  period. 
Although  a  large  mass  of  sediment  had  been  deposited  before  the  Meso- 
loic  era,  yet  plutonic  activity  seems  to  have  remained  almost  dormant 
Qp  to  that  period.  We  find  very  little  evidence  of  any  old  eruf^tions 
which  in  other  continents  are  not  wanting. 

A  number  of  ranges  are  composed  largely  of  Carbonifefous  strata. 
Among  them  the  upper  group— Arkansas  sandstone — forms  a  very 
prominent  feature.  The  Siingre  de  Cristo  Range  is  flanked  on  either 
Bide  by  beds  belonging  to  this  series,  and  elsewhere  similar  cases  may 
be  observed.  Any  attempt  at  parallelizing  the  Carboniferous  forma- 
tion of  Golorailo  with  foreign  standards  is  a  thankless  task.  We  have 
oar  own  i)eculiar  arrangement  and  cannot  readily  compare  it  with  any 
other  known. 

TBIAS. 

TJsnally  the  Jura  and  Trias  of  Colorado  are  combined  in  any  descrip- 
tion given  thereof.  After  reviewing  all  available  material  I  have  come 
to  the  conclusion  that  it  is  perfectly  justifiable  to  separate  them.  A 
total  absence  of  palseontological  remains  within  the  limits  ascribed  to 
the  Trias  is  very  much  to  be  regretted.  Could  any  characteristic  fossils 
be  found,  it  would  set  at  rest  the  question  of  age.  Jurassic  beds  exist 
in  the  western  portion  of  our  continent,  and  the  only  doubt  remaining 
is  whether  or  not  the  ^'  Eed  Beds"  should  be  added  to  the  Jura.  The 
total  absence  of  fossils  in  the  Bed  Beds  argues  jirimarily  against  the 
fusion.  Lithologically,  of  course,  the  differences  between  the  two  are 
very  great.  First  of  all,  this  very  characteristic  led  to  the  identifica- 
tion as  Trias. 

In  case  any  comparison  between  the  beds  of  our  Western  Trias  with 
that  of  Europe  were  attempted,  we  would  find  that  it  agrees  remarkably 
well  with  the  youngest  member  of  the  same  European  formation.  The 
"Bleuper''of  Germany — "Marnes  Irishes"  of  France — show  the  same 
detail  features  that  we  observe  in  the  West.  Arrangement  of  strata, 
retrographic  and  chemical  constitution  thereof  are  almost  identical.  It 
is  certainly  not  admissible  to  identify  formations  by  their  physical 
characteristics  alone.  Taking  into  consideration,  however,  the  super- 
position of  Jurassic  beds  in  connection  with  such  features,  the  division, 
onoe  made,  may  be  sustained. 

All  along  the  Front  Eange  the  Triassic  beds  occupy  prominent,  simi- 
lar positions,  until  towards  the  south  they  no  longer  appear ;  west  of 
the  Front  Bange  they  also  occur,  but  not  so  continuous  as  at  the  locality 
first  mentioned.   It  appears  that  at  but  very  few  places  the  Triassic 

•  Eep.  U.  8.  Geol.  Surv.,  1674,  p.  117. 
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waterR  conld  extend  westward  of  the  maio  axis  of  the  Front  Bange,  bat 
they  found  ingress  at  other  points.  In  their  lithological  character,  the 
strata  of  the  Triassic  formation  are  very  constant*  So  thoroughly  com- 
plete is  this  constancy  that  it  is  no  exaggeration  to  say  that  the  forma- 
tion can  readily  be  recognized  at  a  glance* 

JUBA* 

Wherever  I  observed  this  formation  within  my  districts,  it  was  invari- 
ably associated  with  Triassic  beds.  The  two  are  inseparable  in  Soath- 
ern  and  Western  Colorado.  Were  it  not  for  the  marked  difference  in 
color  between  Trias  and  Jura,  it  would  not  be  easy  to  distinguish  the  two 
from  each  other.  Neither  in  general  configuration  of  the  surface  where 
the  Jurassic  beds  are  exposed,  nor  in  the  general  lithological  character,  do 
they  present  any  markedly  distinctive  features.  Instead  of  dolomitio 
interatrata,  as  in  the  Triassic  group,  we  here  have  calcareons  ones. 
Tbese  at  many  localities  carry  fossils  in  great  numbers. 

North  of  Colorado  the  Jura  is  by  far  better  developed;  its  appearance 
there  is  more  typical,  as  compared  with  older  and  younger  formations. 
No  identification  with  European  horizons  seems  possible.  If  the  com- 
parison may  be  used,  it  might  be  said  that  the  Western  Jurassic  appears 
very  much  as  if  the  remnants,  incomplete,  of  the  European  standard  suc- 
cession bad  been  utilized  in  making  it  up.  Within  a  very  limited  verti- 
cal space  our  Western  Jura  contains  fossils,  the  representatives  of  which 
in  Europe  are  many  hundred  feet  apart. 

GBETAOEOUS. 

For  this  formation  we  accept  in  Colorado  th^e  groups.  Experience  has 
shown  that  over  the  vast  area  of  that  State  they  can  readily  be  distin- 
guished and  remain  constant  in  their  relations.  So  far  as  palsBontological 
remains  are  concerned,  Colorado  has  not  furnished  an  exceptionally  rich 
yield.  The  fossils  that  do  occur,  however,  are  sufficiently  characteristic 
and  varied  in  form  to  admit  of  definite  classification  of  the  beds  con- 
taining them.  It  is  not  to  be  denied  that  generally  the  horizons  in  ques- 
tion have  been  recognized  mainly  by  the  aid  of  lithological  features. 
Accei)table  as  this  may  be  with  regard  to  any  given  formation  within  a 
restricted  area,  it  is  a  method  liable  to  lead  to  erroneous  interpretations. 
It  becomes  a  matter  of  vital  importance,  therefore,  to  determine,  as 
speedily  as  iK)ssible,  in  how  far  we  are  justified  in  relying  upon  j^etro- 
graphic  characteristics,  taking  into  consideration  horizontal  and  verti- 
cal distribution.  Although  certain  shales  or  sandstones  may  be  found, 
apparently  identical  with  others  well  determined,  they  may  and  fre- 
quently do  contain  fossils  of  a  totally  diffeieut  geological  age.  This 
fact  must  be  remembered  and  taken  into  consideration  when  the  groups 
of  tlio  Cretaceous  formation  are  treated  of. 

Dakota  Group. — ^Usually  the  miembers  of  this  group  rest  directly  upon 
the  Jurassic  beds.  In  that  case,  they  are  invariably  perfectly  conform- 
able, partake  of  the  same  stratigraphical  features,  but  are  set  off,  if 
more  or  less  steeply  inclined,  in  the  form  of  hogbacks.  In  Southern 
Colorado,  however,  wo  find  that  the  Triassic  and  Jurassic  beds  are  fre- 
quently wanting,  and  then  the  Dakota  sandstones  immediately  overlie 
the  Upper  Carboniferous  Group.  In  such  cases  stratigraphical  con- 
ditions occur  that  closely  resemble  unconformabilities.  Throughout 
the  districts  examined,  the  chiiracter  of  the  Dakota  Group  was  a 
very  uniform  one.    Massive  sandstones  near  its  base  gradually  change 
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into  thinner  beds,  separated  mrom  each  other  by  bands  of  shale.  Near 
the  top  of  the  group  thiD  seams  of  coal  set  in.  At  a  number  of  local- 
ities this  coal  resembles  a  semi-anthracite.  This  is  due  in  part  to  its 
greater  age,  in  part  to  the  influence  of  volcanic  material  that  has  trav- 
ersed the  beds.  As  a  rule,  the  Dakota  sandstones,  if  displaced  from 
their  normal  horizontal  position,  form  prominent  features  of  the  laud- 
scape.  Hard  as  the  strata  are,  they  can  successfully  resist  disintegra- 
tion, and  present  an  appearance  in  the  hogbacks  at  once  stril^ing  and 
characteristic. 

Colorado  Group. — This  middle  group  of  the  Cretaceous  is  thoroughly 
characteristic  in  every  respect.  Lithologically  it  is  detinitely  distin- 
guished from  all  underlying  formations,  and  its  fossils  are  such  as  to 
readily  admit  of  identification.  It  is  a  noticeable  fact  that  as  we  pro- 
ceed southward  in  Colorado  the  vertical  dimensions  of  the  Colorado 
Gronp  are  subject  to  change.  We  there  find  that  the  thickness  of  the 
beds  is  by  far  increased,  that  the  nature  of  shales  is  somewhat  different, 
and  that  altogethr^r  the  gronp  is  a  more  prominent  one  than  farther 
Bortb.  A  striking  peculiarity  of  these  shales  is  the  increased  dip  they 
show  along  the  edges  of  any  mountain  range  or  chain.  It  is  evident 
that  the  gradual  rise  of  the  mountains,  requiring  more  surface-area  than 
before  the  elevation,  must  have  had  a  very  great  efifect  upon  the  adjoin- 
ing sedimentary  groups.  Incident  upon  this  rise  is  the  tilting  of  the 
beds.  The  physical  constitution  of  the  shales  appears  to  have  been 
80ch  that  they  were  more  susceptible  to  such  influences  than  the  under- 
and  over- lying  strata.  It  may  be  that  a  process  of  mechanical  or  chem- 
ical hydration  caused  the  shales  to  expand  in  a  vertical  dimension,  thus 
producing  an  efiect  more  than  commensurate  with  the  elevation  initiat- 
ing the  change  of  position.  On  the  other  hand  it  cannot  be  denied  that 
the  general  appearance  of  such  localities  is  one  that  at  first  glance  sug- 
gests a  depression  subsequent  to  the  main  elevation.  Both  causes,  per- 
hapSy  have  combined  to  i»roduce  the  result  observed. 

Near  the  highest  strata  of  the  Colorado  Group  we  again  find  seams 
and  beds  of  coal.  They  are  mostly  valueless,  being  too  small  to  be 
worked. 

Fox  Hills  Group. — ^With  this  division  the  Cretaceous,  formation  is 
dosed.  As  belonging  to  it  we  count  the  extensive  series  of  shales  and 
sandstones  reaching  from  the  Colorado  Group  to  the  ^Mignitic"  beds. 
Goal  is  found  at  several  horizons  in  the  Fox  Hills  Group  within  Colorado. 
Grood  workable  beds  occur  on  the  Animas  and  at  other  places.  The  group 
is  a  characteristic  one,  retaining  what  may  be  termed  a  ^^  Cretaceous 
habitat."  It  is  in  harmony  with  the  preceding  ones  lithologically  and 
palflBontologically.  All  of  these  three  Cretaceous  groups  occupy  exten- 
sive areas  in  Colorado,  more  particularly  in  the  southern  and  south- 
western portions  of  the  State. 

POST-CBETAOEOUS. 

This  formation,  which  may  be  regarded  as  the  coal-bearing  series 
proper  of  the  Eocky  Mountains,  has  long  since  been  designated  as  the 
Lsuramie  Group.  For  reasons  based  upon  palsBontological  and  other 
grounds,  it  is  no  longer  referred  either  to  the  Cretaceous  or  Tertiary 
formation  by  some  of  the  geologists  who  have  examined  it.  It  is  more 
in  conformity  with  the  progress  of  geological  science  thus  to  regard  the 
Laramie  Group  as  a  separate  formation  than  to  assign  it  either  to  an 
older  or  a  younger  one,  with  neither  of  which  it  sufficiently  agrees. 
Classification  in  science  is  but  the  expression  of  the  summarized  knowl- 
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edge  we  have  of  any  given  subject  at  a  given  time.  In  case,  thereforey 
if  we  bavo  come  to  definite  conclasious  regarding  tbe  existing  or  want- 
ing affinities  of  a  particular  group,  we  can  most  readily  express  our  con- 
victions by  applying  to  the  group  the  conventional  systematic  term 
equivalent  thereto.  Such  I  deemed  necessary  in  this  instance.  Instead 
of  regarding  tbe  •'  Laramie  Beds  ^  as  simply  a  group  of  one  or  the  other 
formation,  I  treat  it  as  an  independent  formation.  It  possesses  its  own 
])eculiar  characteristics,  it  brings  to  its  highest  development  and  essen- 
tially closes  a  chapter  in  the  book  of  geologiciil  history. 

Within  my  districts  tbe  largest  development  of  tbe  Laramie  forma- 
tion is  found  in  the  Raton  Hills.*  Near  Caiion  City  another  outcrop 
of  it  occurs,  and  again  I  found  it  on  the  west  slope  of  the  Great  Hogback 
in  the  White  River  district.  The  exposures  in  Southern  Colorado  show  a 
far  greater  vertical  as  well  as  horizontal  development.  There  the  forma- 
tion reaches  a  thickness  of  about  2,700  feet,  and  expands  over  a  large 
area  of  country.  Si)ecial  features  have  been  described  in  the  various 
reports.  Tbe  coal  obtained  from  banks  belonging  to  the  Laramie  is  the 
^^  lignite"  of  the  West.  In  the  strict  acceptation  it  is  not  a  lignite^  bat 
a  bituminous  coal,  some  of  which  is  coking,  wbile  other  portions  or  veins 
are  non  coking.  For  ordipary  economic  purposes  the  coal  answers  very 
well,  and  its  present  employment  in  this  way  is  satisfactory.  Enormous 
quantities  of  it  are  hidden  away  awaitiug  but  the  active  hand  of  the 
miner,  which  shall  bring  it  forth  and  render  it  subservient  to  the  uses 
of  man. 

TERTIARY. 

In  tbe  districts  I  have  examined  in  Colorado  I  have  obser\*ed  two 
groups  of  tbe  Tertiary  tbrmation.  Local  deposits  of  small  extt*nt  belong- 
ing to  the  Miocene  period  occur  at  a  few  isolated  localities.  They  are  in 
no  direct  connection  with  tbe  widely  extended  areas  elsewhere.  At  the 
same  time,  it  becomes  a  matter  of  some  difficulty  to  identify  them  witb  any 
particular  portion  of  the  synchronous  groups.  Tbis  characteristic  will  be 
found  to  hold  good  for  a  large  number  of  tbe  Western  Tertiary  localized 
groups.  Whenever  or  wherever  the  connection  between  such  groups  and 
tbe  extended  series  of  contemporaneous  formations  can  be  established 
they  fall  into  their  places  very  naturally.  It  is  necessary,  therefore,  to 
examine,  first  of  all,  tbe  correlations  of  isolated  groups,  and  not  at  once 
distinguish  tliem  by  specific  names  that  only  add  to  subsequent  confu- 
sion in  classifif^atiou.  Those  small  groups  mentioned  above  as  existing 
in  Colorado  are  altogether  too  unimportant  to  be  distinguistied  in  any 
marked  manner.  Tbe  largely  extended  series  of  Tertiary  beds  are  suffi- 
ciently characteristic  iu  Colorado  to  admit  of  regularly  taking  their 
systematic  position. 

Wahsatch  Group  {Eocene). — The  largest  development  of  this  group 
occnrs  in  Southern  Colorado.  In  the  district  of  1875  the  Laramie 
formation  is  wanting  near  tbe  Animas  drainage,  and  we  here  find  that 
the  Wahsatch  beds  rest  direcitly  upon  the  Fox  Hills  Group.  Their  lowest 
strata  compose  that  series  which  Cope  has  named  tbe  Puerco  marls. 
Above  that  tbe  alternating  beds  of  sandstone  and  shale  set  in.  Again, 
we  find  Wahsatch  in  the  White  River  district.  It  there  overlies  the 
Laramie,  and  is  succeeded  by  tbe  Green  River  Group.  Wherever  ero- 
sion has  carried  away  tbe  superincumbent  beds  of  younger  age,  there 
the  Wahsatch  protrudes.  A  remarkable  regularity  of  stratigraphical 
condition  characterizes  the  beds  belonging  to  this  group  wherever  I 
have  observed  it  in  Colorado.    Coal  occurs  in  several  members  of  the 
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group.  Kowhere  have  I  seen  it,  however,  giving  promise  of  retnnnera- 
tion  in  case  it  were  worked.  No  donbt  l^ds  may  be  fonnd  within  the 
districts  explored  that  would  eventually  furnish  an  acceptable  yield,  in 
ca^  the  demand  for  coal  should  justify  their  development.  So  long  as 
not  even  the  coal  of  the  Laramie  age  is  utilized  to  its  full  capacity,  there 
will  probably  be  no  occasion  to  seek  in  the  Wahsatch  Group  for  fuel. 

Oreen  River  Group  (Miocene), — ^lliis  group  of  the  Tertiary  I  have  met 
with  in  Colorado  only  along  the  White  River.  There  it  is  very  typically 
developed.  Great  thicknesses  of  hard  shales,  of  white,  yellowish,  and 
greyish  color,  denoting  freshwater  deposits,  characterize  the  group. 
It  has  been  fully  discussed  in  the  preceding  pages  of  this  report,  and 
but  little  remains  to  be  said.  During  my  examinations  I  have  not  fonnd 
the  Green  Biver  beds  so  interesting  palseontologically  as  it  is  in  many 
other  regions.  There  the  large  number  of  fossil  species  found  invest 
the  formation  with  great  interest.  As  is  the  case  with  nearly  all  groups 
of  similar  or  analogous  f.enesis,  certain  regions  were  by  far  better  sup- 
plied than  others  with  vegetable  and  animal  life  during  the  period  of 
deiiositiou.  Thus  we  may  find  that  the  flora  or  fauna,  as  preserved 
in  the  shales,  may  be  one  of  exceedingly  great  interest  at  one  locality, 
while  but  a  short  distance  ofif,  comparatively  speaking,  there  is  scarcely 
a  plant  or  an  animal  remaining  whereby  to  identify  the  strata. 

With  the  Green  Biver  Group  the  list  of  sedimentary  formations  that 
I  fonnd  in  Colorado  is  exhausted.  The  local  deposits  termed  ^^  lake- 
beds"  more  properly  belong  to  the  category  of  drift  than  of  sediment- 
ary  formations. 

VOLOANIO  FORMATIONS.* 

In  Colorado  we  find  several  distinct  types  of  volcanic  formations. 
Through  advantageous  grouping,  their  correlation  and  relative  ages 
can  readily  be  determined.  During  the  first  three  years  of  my  work 
I  encountered  large  masses  of  volcanic  rocks  of  various  types.  Their 
recognition  was  a  comparatively  easy  matter,  after  a  classification  had 
been  decided  upon.    Four  main  divisions  may  be  distinguished: 

Trachorheltes, 
Porphyritic  Trachytes, 
B;isaltoIds,  and 
Dikes. 

Of  these  the  last  named  is  but  a  varying  form  of  occurrence  of  any  of 
the  preceding  divisions.  It  has,  for  that  reason,  been  placed  at  the  end 
of  the  enumeration,  which  is  in  chronological  order,  with  this  exception. 
Each  of  the  divisions  will  be  discussed  briefly,  and  any  one  wishing 
additional  information  upon  the  subject  may  be  referred  to  the  annual 
reports  and  to  the  shortly  forthcoming  paper. 

Trachorheites, — This  division  comprises  the  four  groups  of  Bichthofen : 
Propylite,  andesite,  trachyte,  and  rhyolite.  Though  each  pne  of  these 
i^  well  defined  and  characteristic  in  itself,  it  is  impossible  to  distinguish 
them  at  all  times  during  the  work  in  the  field.  Therefore  they  have  been 
designated  collectively  by  the  above-given  name. 

Propylite,  which  is  the  oldest  of  the  series,  I  have  not  recognized  in 
Colorado.  It  may  be  that  it  blends  too  closely  into  the  andesite,  or 
even  trachyte,  or  it  may  be  wanting  altogether.  It  must  be  stated 
that  all  the  outpourings  of  lava  in  Colorado  belong  to  the  type  that  has 
been  designated  as  ^^  massive '^  in  contradistinction  to  ^^  volcanic''  erup- 

*  I  am  St  present  enj^ged  upon  a  paper  on  the  "  Volcanics  of  Colorado/'  Therein 
all  the  correlations  and  special  features  sbaU  be  set  forth  at  greater  length  than 
here.— £. 
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tion.  This  will,  of  necessity,  result  in  prodacing  larp^e  areas  covered  by 
the  same  material,  and  whereas  classification  of  isolated  groups  might 
more  readily  be  accompliHhed,  it  becomes  difficult  when  the  various 
members  under  consideration  have  been  able  to  commingle. 

Andesite  occurs  at  various  localit'esi  in  rather  a  subordinate  positiou. 
Its  relative  position  to  trachyte  is  maintained,  but  its  appearance  is  only 
local. 

Trachyte  is  the  group  that  daims  our  attention  more  particularly. 
In  1874  I  subdivided  it  into  four  numbers,  mainly  for  the  puqiose  of 
facilitating  description.  Subsequent  examinations  have  shown  that 
the  divisions  hold  good  over  a  very  large  extent  of  country,  and  I  have 
retained  them.  A  very  interesting  conglomerate  occurs  in  No.  3,  which 
shows  that  a  temporary  cessation  of  volcanic  activity  took  place  at 
that  ])eriod.  As  perhaps  the  most  typical  development  of  this  group, 
may  be  regarded  the  Uncompahgre  Mountains.  There  the  trachytes 
occur  in  a  thickness  amounting  to  7,000  feet.  The  four  subdivisions 
can  be  readily  distinguished,  not  only  by  their  iK)sition,  but  also  by 
their  lithological  and  orographic  features.  From  the  Uncompahgre 
region  this  series  of  trachytes  extends  southward  until  upward  of  8,000 
square  miles  are  covered  by  it.  Occurring,  as  it  does,  over  so  large 
an  area,  the  regularity  of  its  members  is  necessarily  a  surprise.  Local 
features  are  certainly  not  wanting  that  produce  slight  variations  from 
the  ^^  standard,"  but  they  are  of  little  consequence.  In  the  highest 
member  of  the  trachytes  (No.  4)  the  metalliferous  veins  of  the  San 
Juan  region  occur.  They  show  the  same  characteristics  and  same  be- 
havior that  lodes  of  other  formations  exhibit.  An  analogous  case,  com- 
paring more  particularly  the  lodes  of  the  lake  district,  is  found  in 
Transylvania. 

Eliyolite,  the  youngest  member  of  the  division,  occurs  quite  frequently 
in  Colorado,  it  may  be  found  su|)erimposed  upon  the  trachyte,  or  it 
may  occur  as  some  independent  outflow.  In  the  great  group  of  tmcho- 
rheltes,  in  Southern  Colorado,  it  is  almost  invariably  8ni)erira posed. 
Its  mineralogical  constitution  does  not  vary  from  that  observed  in 
rhyolites  elsewhere.  Some  doubt  has  been  felt  iU)  to  its  age  i^elative  to 
basalt.  From  what  I  have  observed  1  should  unhesitatingly  pronounce 
it  to  be  older.  In  Colorado  the  two  are  rarely  found  in  contact,  and 
then  generally  in  more  or  less  abnormal  positions. 

Beside  the  extended  area  mentioned  above,  this  division  covers  many 
miles  as  more  or  less  isolated  groups,  generally  deposited  upon  meta- 
morphic  rocks,  less  frequently  on  sedimentary. 

Porphyritic  Trachytes. — Distinct  in  their  main  features,  though  allied 
in  many  respects,  from  the  preceding  division,  are  the  porphyritic 
trachytes.  Dr.  Peale  has  pnblished  a  very  excellent  article  ui)on  this 
subject,*  which  presents  views  that  I  fully  indorse. 

While  the  trachytes  usually  form  extended  flows,  and,  in  conse*. 
quence,  long  Hubroken  benches  and  plateaus,  the  rocks  of  this  division 
are  characterized  by  their  isolated  ])08ition  and  by  their  bold,  abrupt 
appearance.  Mineralogically,  too,  they  differ,  and  chronologically  are 
youuger  than  the  trachorheites.  It  is  possible  that  the  period  of  their 
eruption  may  have  been  very  near  that  of  the  rliyolite,  inasmuch  as  the 
lithological  constitution  is  analogous;  and  they  not  unfrequently  have 
found  tlieir  way  through  beds  of  the  same  age  as  those  usually  penetrated 
by  rhyolite.  Be  this  as  it  may,  they  are  totally  distinct,  nevertheless. 
Many  of  tbe  prominent  isolated  mountains  or  mountain-groups  of  Colo- 
rado and  adjacent  regions  owe  their  formation  to  this  rock.    Spanish 

*  BuH.  U.  S.  Geol.  Survey,  No,  3,  vol.  iii. 
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Peaks,  Sierra  La  Sal,  Sierra  Abajo,  La  Plata  MoaotaiDS,  and  otbers 
are  composed  of  it*  lu  coDnection  with  porphyritic  trachytes,  dikes  are 
very  often  found  that  are  more  typically  represented  by  no  other  vol- 
ctLUic  rock. 

BaualUnds. — In  these  I  count  dolerites  and  basalts,  each  with  their 
respective  tnfb  and  conglomerates.  Of  the  former  but  very  little  can 
be  lonnd  in  the  districts  I  examined,  but  the  latter  are  well  represented. 
Almost  endless  varieties  present  themselves,  each  one  of  which  might 
readily  furnish  an  occasion  for  the  creation  of  a  new  rock-species,  were 
they  not  unmistakably  bound  together  when  found  in  positu.  Fre- 
quently basalts  are  found  covering  the  trachorheltes.  Tbey  unchang- 
ingly preserve  the  same  relative  position — tha*}  of  the  younger  groups. 
As  capping  to  plateaus  and  peaks  tbey  occur,  occupying  the  most 
elevated  points.  The  most  extensive  basalt-series  that  I  have  noticed 
in  Colorado  occurred  on  the  eastern  slope  of  the  southern  extension  of 
tlie  Sawatch  Bange.  All  along  this  slope,  far  into  San  Luis  Valley, 
the  basalt  extends  in  one  uninterrupted  flow.  Tbere,  too,  it  covers 
tracborheltes. 

In  addition  to  the  occurrence  as  long-continued  flows,  which  may, 
however,  at  present  be  s^arated  into  isolated  patches,  are  the  local 
small  eruptions  of  basalt.  Gone-shaped  or  rounded  hills,  sometimes 
fiarfirom  any  mountains,  protrude  through  the  surrounding  sedimentary 
beds.  Basalt,  of  several  varieties,  composes  them.  Again,  it  is  found 
as  dike-material,  second  in  importauce  to  porphyritic  tracbyte.  Most 
firequently  these  occur  in  the  younger  sedimentary  formations,  rarely 
older  than  the  Cretaceous.  No  doubt  they  penetrate  tbe  older  ones, 
but  the  carjses  "^suiting  in  their  formation  d^d  not  exist  until  com- 
psratively  recent  geological  ages. 

Likes. — Dikes  are  simply  fissures  in  the  ^^  country- rock,"  injected  with 
some  material  that  at  one  time  must  have  been  in  a  viscous  or  highly 
plastic  state.  Generally,  they  are  filled  from  below,  but  they  may  also 
receive  the  material  laterally.  As  a  rule,  the  material  filling  tbe  fissnre 
resists  effectually  the  influence  of  atmospheric  agents.  Gradual  dis- 
integration of  tbe  adjoining  rock  causes  the  volcanic  inclosure  to  stand 
out  prominently,  representing  essentially  a  cast  for  which  tbe  fissure 
was  the  mould. 

Not  infrequently  the  edges  of  strata  foiming  the  sides  nearest  the 
dike  may  still  be  distinguisbed  on  tbe  wall-like  projection.  Tracbyte, 
rbyolite,  porphyritic  trachyte,  and  basalt  form  tbe  dikes  of  Colorado. 
So  fiEur  as  can  be  judged,  many  of  them  were  injected  during  a  time 
when  the  lava  exhibited  a  very  high  degree  of  heat.  This  is  ap[iarent 
from  tbe  metamorphosis  which  often  the  adjoining  sedimentary  beds 
have  been  subjected  to.  Dependent  upon  the  character  of  tbe  meta- 
mori)hosed  rock  this  process  may  render  it  less  liable  to  disintegration 
and  decomposition.  Obviously  tbe  eventual  result  will  betbat  tbe  sides 
of  tbe  dike  remain  hidden  upon  removal  of  tbe  softer  adjoining  por- 
tions, and  that  a  hill,  shaped  like  a  hogback  will  be  forme<l.  Not  all 
roefcs,  however,  are  rendered  more  resisting  by  metamorphosis ;  on  tbe 
contrary,  many  are  1^  to  a  more  speedy  destruction  thereby. 

We  do  not  find  only  single,  isolated  dikes,  but  entire  dike-systems. 
Either  radiating  from  one  point,  or  running  parallel  with  each  other 
or  forming  a  net-work,  or  combining  several  of  these  forms,  tbey  are 
capable  of  producing  elaborate  orographic  results.  Taking,  for  instance, 
a  esse  in  which  the  passage  of  tbe  bigbly  fused  lava  has  suflSciently 
hardened  the  material  through  which  it  passed,  we  will  readily  perceive 
that  a  radiating  arrangement  of  such  dikes  must  be  productive  event- 
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nail  J  of  a  conical  elevation.  Thus,  too,  with  all  the  other  forms.  Each 
one  will  present  a  characteristic  result,  incident  apon  the  nature  of  its 
sarronnding  rocks  and  of  the  dike-rock  itself. 

Sometimes  the  dikes  are  found  to  be  in  direct  connection  with  the 
main  body  of  volcanics.  In  that  case  they  simply  represent  the  filling 
with  volcanic  material  of  fissures  formed  by  volcano-seismic  action. 
What  the  causes  may  have  been  that  have  given  rise  to  the  formation 
of  apparently  independent  fissures  must  be  determined  for  every  indi- 
vidual instance,  as  neither  the  formation  in  which  they  occur  nor  the 
constitution  of  the  dike-rock  afibrds  the  slightest  clew. 

The  importance  of  these  dikes  in  shaping  many  of  the  minor  oro- 
grnpliic  features  is  not  to  be  underestimated.  Comparatively  insignifi- 
cant, if  isolated,  a  group  of  them  can  produce  a  very  marketl  effect. 

METAMORPHOSED  ROCKS. 

In  contradistinction  to  metamorphic  rocks  we  may  class  those  that 
have  been  changed  from  their  original  condition  by  the  direct  applica- 
tion of  volcanic  heat. 

llemelted  granites  I  have  not  observed  in  Colorado.  According  to  Dr. 
Loew  they  occur  in  New  Mexico  contiguous  to  or  enclosed  in  rhyolite. 
Conglomerates,  sandstones,  limestones,  shales,  and  volcanic  rocks  are 
the  ones  most  frequently  subjected  to  such  action. 

Conglomerates  are  hanlened,  so  that  the  cement  and  enclosed  bowl- 
ders a[ft>ear  as  if  being  of  ^^one  cast."  Commensurate  with  the  petro- 
graphic  character  of  the  enclosures  is  the  change  they  undergo.  Pro- 
portionate with  the  heat  of  the  injected  lava,  and  with  the  conductive 
power  of  the  rocks  penetrated,  do  we  find  the  extent  of  the  metamor- 
phosis. 

Sandstones  are  most  frequently  changed  into  quartzites,  limestones 
into  marble,  and  shales  are  altered  into  what  mineralogists  know  as  por- 
celain-jasper. The  first  and  last  of  these  are  by  far  harder,  far  better 
able  to  resist  attacks  of  atmospheric  agents  than  the  original  rock. 
Keheated  volcanic  rocks  are  often  vitrified,  become  brittle,  and  some- 
times emit  a  semimetallic  sound  upon  being  struck. 

"MONUMENTS.^ 

As  a  special  feature  of  much  interest  the  diflerent  kinds  of  ^^  monu- 
ments'' in  Colorado  may  here  be  mentioned.  They  may  be  distinguished 
according  to  their  method  of  formation.  Four  kinds  there  are,  so  far  as 
my  observations  extend. 

Every  one  is  familiar  with  the  picturesque  forms  of  Monument  Park. 
Upon  a  light-colored  (white,  grey,  or  yellowish)  pedestal  rests  the  dark 
protecting  cap.  The  entire  monument  is  composed  of  sandstone.  More 
readily  disintegrating  and  eroded  is  the  supporting  column,  hard  and 
firm  the  stratum  which  furnishes  the  caps.  Rain,  frost,  wind,  driving 
sand,  and  other  eroding  agents  are  the  artists  that  produce  forms  strik- 
ing lor  their  unique  beauty.  Throughout  the  region  of  Monument  Park 
and  the  Garden  of  the  Gods  they  occur,  visited  and  admired  by  the  num- 
erous travellers  passing  that  well  favored  spot. 

Similar  to  the  preceding  are  those  found  on  Douglas's  Creek  in  1870. 
Instead  of  a  sandstone  pedestal,  however,  we  here  have  shale. 
Weathered  away  from  the  edge  of  the  steep  bluff  it  composes,  the  shale 
has  been  carved  into  isolated  columns.  To  the  superimposed  cap  of 
hard  sandstone  they  owe  their  existence.    Beared  in  a  comparatively 
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short  spaco  of  time,  they  soon  succumb  under  the  combined  attacks  of 
their  assailants.  The  frail  support  of  shales  ere  long  grows  too  weak  to 
sustain  the  weight  of  the  capping  sandstone,  and  when  this  has  fallen 
off  nothing  remains  save  a  small  mound  of  decomposed  shale  to  mark 
the  former  existence.  Both  this  ^^ species"  and  the  one  al)ove  mentioned 
might  be  termed  normal  monuments,  in  contradistinction  to  the  succeed- 
ing ones,  which  are  accidental. 

Near  Anteloi)e  Park,  on  a  small  tributary  of  the  Bio  Grande,  lies  hid- 
den a  spot  of  unequalled  grandeur  and  beauty.  Instead  of  small  monu- 
ments, at  best  12  to  14  leet  in  height,  we  here  have  them  rising  to  300 
and  400  feet.  Towering  far  above  the  surrounding  spruce  timber,  they 
lift  their  weather-beaten  heads  toward  the  sky.  Thousands  of  others, 
that  appear  as  pigmies  by  the  side  of  giants,  stud  the  entire  locality. 
Precipitous  walls,  600  feet  in  height,  enclose,  as  though  guarding  them, 
the  wonderful  groups  here  displayed.  Arches  and  gateways  of  ample 
dimensions,  carved  by  the  skillful  hand  of  nature  into  projecting  walls, 
I>ermit  a  distant  view  that  is  closed  only  by  the  sharp  summits  of  the 
continental  divide.  Similar  to  the  spires  of  ancient  gothic  architecture 
do  the  monuments  at  places  rise  in  isolated  glory,  seeming  larger  even 
than  they  really  are  from  their  very  position.  A  trachy  tic  conglomer- 
ate famishes  the  material  for  these  admirable  forms.  Erosion  and  abra- 
sion along  the  steep  walls  cause  some  huge  bowlder  to  project.  On 
either  side  downward  the  softer  portions  of  the  conglomerate  are  worn 
away,  until  finally,  as  if  growing  out  of  the  wall,  we  find  the  completed 
monument. 

In  1874  still  another  kind  was  observed.  From  an  adjoining  bluff 
large  bowlders  of  basalt  had  rolled  down  upon  a  gentle  grass-slope. 
They  rested  accidentally  upon  the  surface  of  a  very  soft  trachytic  tuff. 
Bain  and  temporary  streams  cut  away  the  easily-yielding  material  until 
nothing  remained  of  it  but  slender  columns,  20  feet  in  height,  that  bore 
upon  their  tops  the  erratic  bowlders  which  had  protected  them  from 
total  destruction.  These  two  last  species  I  term  '^  accidental,"  as  the 
physical  composition  of  the  conglomerate  is  certainty  an  accidental  one, 
and  as  the  last  owe  their  existence  purely  to  the  stopping  of  the  erratic 
bowlders  at  that  particular  locality. 

GLAOIATION. 

In  the  report  of  1875  I  have  given  a  synopsis  of  the  glacial  evidences 
observed  within  my  districts  during  the  past  years.  The  presence  of 
ancient  glaciers  in  Colorado  is  made  apparent  by  the  existence  of  mo- 
raines, by  the  grooving,  striation,  and  polish  of  rocks  inpositUy  and  by 
the  formation  of  numerous  lakelets.  In  previous  papers  I  have  asso- 
ciated the  existence  of  glaciers  in  Colorado  with  that  of  large  lakes  and 
inland  seas  farther  west.  Dependent  upon  the  disappearance  of  these, 
I  have  regarded  the  extinction  of  the  glaciers.  Wherever  the  condi- 
tions were  favorable,  i.  e.,  a  good  locality  for  the  accumulation  of  snow 
and  ice  offered  itself,  there  we  find  the  traces  of  former  glacial  activity. 
Not  unfrequently  the  arrangement  of  moraines  is  perfectly  typical,  and 
the  rocks,  polished  and  grooved,  appear  to  be  fresh  as  the  glacier  has 
left  them.  Vegetation  has  not  yet  sprung  up  in  many  of  the  places 
where  the  soil  was  all  carried  away  by  the  moving  ice.  Streams  flowing 
through  and  from  the  glaciers  (Gletscherhachof  the  Germans)  have  worn 
deep  channels  into  yielding  rocks,  and, often  being  dammed,  have  formed 
glacial  lakes. 

So  far  as  can  be  determined,  glacial  activity  existed  in  Colorado  before 
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the  close  of  the  latest  volcanic  eroptions.  It  is  possible,  therefore,  that 
it  may  have  reachcMl  into  the  historical  period.  According  to  Migor 
Powell  some  of  the  Pai-ote  tribes  have  legends  indicating  volcanic  oat- 
flows,  and,  as  has  often  been  snggested,  many  of  onr  western  basalts 
have  a  veiy  'afresh"  appearance. 

Glaciers  have  not  wrought  any  radical  changes  in  the  general  oonfig- 
nration  of  the  country.  They  have  modified  certain  features,  have  deep- 
ened certain  portions,  levelled  others,  but  they  have  not,  alone,  carved 
deep  caiions,  or  carried  away  hills  and  ridges,  leaving  in  their  steail 
level  valleys.  Much  of  the  drift  that  today  we  regard  as  *^ river-drift'^ 
was  undoubtedly  first  removed  from  the  original  place  of  deposition  by 
glacial  action.  Silt  and  soil  both  can  be  formed  by  the  never-ceasing 
action  of  moving  ice  and  water  upon  rocky  materiaL  Carried  on  by  the 
water  these  were  deposited  near  the  moraines,  until  eventoally  once 
more  they  were  washed  away  to  form  soil  for  arable  lands. 

DRIFT. 

A  number  of  drift- varieties  will  always  be  found  in  a  region  so  diver- 
sified as  the  State  of  Colorado.  We  can  distinguish,  mainly,  glacial 
drift,  lake-beds,  river-drifts,  and  avalanchial  drift  Of  these  the  first  is 
simply  the  morainal  accumulations.  As  soon  as  these  have  been  removed 
they  lose  their  identity.  Lake-beds  are  the  accumulations  of  finely  sepa- 
rated drift  in  a  body  of  still  water.  Frequently  such  drift  may  be  ob- 
served occurring  in  broad  valleys,  where  eventually  either  the  gradual 
rise  of  the  lake-bottom  or  changes  of  mreau  have  permitted  the  water 
to  How  off.  River-drift  is  the  species  most  frequently  met  with.  That 
tendency  of  flowing  water,  ever  to  straighten  its  course,  causes  it  to 
cover,  in  time,  often  a  valley  of  considerable  extent  I  call  this  *' parallel 
shifting  of  rivers.^  Thus,  frequently,  an  entire  valley  may  be  covered  by 
river-drift.  Erroneously,  this  fact  has  often  been  explained  by  the 
assumption  that  at  some  former  period  the  stream  was  one  of  far  greater 
breadth  than  at  the  present  time.  Though  this  is  certainly  true  in  some 
instances,  it  is  a  very  rare  case.  Accumulations  of  drift  on  one  or  the 
other  bank  of  the  stream  will,  locally,  change  its  course.  More  material 
will  be  deposited  on  that  same  side ;  the  river  will  be  shifting  away  from 
it.  Gradually  it  may  have  traversed  the  entire  width  of  the  valley  in 
this  manner,  leaving  evidence  of  its  former  presence  in  the  drift  it  has 
deposited.  This  feature  can  admirably  be  studied  near  the  junctions  of 
large  streams. 

By  the  term  ^avalanchial  drifts  we  designate  the  ever- moving  recent 
deposits  of  rock-fragments  on  the  sides  or  at  the  base  of  mountains. 
Constantly  the  rocks  com  posing  mountains  and  peaks  are  disintegrating 
and  rolling  down  from  a  more  or  less  loosely  joined  talus  of  enormous 
dimensions.  With  the  character  of  the  rocks  composing  it  changes  the 
nature  of  the  talus.  The  harder  and  more  angular  the  fragments  the 
less  stable  the  slope.  Decomposition  attacks  several  kinds  of  rocks  very 
r^Mlily,  and  then  a  stratum  of  soil  is  formed  on  the  tains  that  permits  the 
growth  of  vegetation. 

SOIL. 

The  eventual  result  of  disintegration  and  partial  decomposition  of 
rocks  is  the  formation  of  soil.  A  very  large  portion  of  Colorado  is  too 
Idgh  for  agricultural  purposes,  so  that  a  majority  of  the  best,  most  pro- 
dnctive  soil  must  necessarily  always  remain  idle.  In  other  localities, 
whae  altitndinal  conditions  are  more  favorable,  the  want  of  an  adequate 
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supply  of  water  prevents  success  in  agricaltural  pursuits.  Were  it  pos- 
sible to  organize  an  exhaustive  collection  of  rocks  and  the  soils  they 
produce,  make  analyses  of  both,  and  apply  the  knowledge  gained  to 
chemical  agriculture,  much  of  importance  and  value  might  be  learned. 
For  such  purposes  a  region  not  yet  civilized  offers  the  best  field.  As 
soon  as  any  crops  have  been  put  in  and  harvested  the  original  compo- 
sition of  the  soil  is  changed,  and  examination  of  such  character  would 
no  longer  furnish  the  same  applicable  results.  Even  within  the  altitude 
where  crops  may  be  raised,  soils  from  many  different  rocks  can  be  found 
in  Colorado.  By  paying  some  attention  to  the  requirements  of  plants 
and  the  capability  of  the  soils,  satisfactory  results  may  in  most  cases 
be  obtained. 

METALLIFEROUS  DEPOSITS. 

During  the  progress  of  my  work  in  Colorado  I  have  had  occasion  to 
visitandexamineanumberoftheminingdistricts  of  that  State.  Themin- 
eral  resources  are  of  an  enormous  quantity,  and  constitute,  to-day,  the 
main  wealth  of  Colorado.  Gold,  silver,  copper,  zinc,  lead,  coal,  and  iron 
are  mined.  Mineral  deposits  are  scattered  throughout  the  entire  State, 
and  new  discoveries  are  annually  being  made.  In  1857  and  1858  the 
Pike's  Peak  excitement  caused  a  large  influx  of  prospectors,  miners,  and 
adventurers.  As  usual  a  large  number  of  them  left  the  Territory  in  dis- 
gust, hut  others,  more  reasonable,  set  to  work  to  gain  gold  out  of  the 
gulches  and  placers  that  in  those  days  yielded  very  good  pay.  Most 
of  these,  then  already  worked,  are  now  exhausted,  and  the  miners  are 
obliged  to  seek  the  precious  metals  in  veins.  The  districts  which  I  ex- 
amined are  Gilpin  County,  Clear  Creek  County,  Boulder  County,  Cari- 
bou district,  Sunshine  district.  Gold  Hill  district.  Summit  district,  the 
San  Juan  mines,  and  the  coal  mines  of  Trinidad  and  Canyon.  It  is  to 
be  regretted  that  not  more  time  could  be  spared  for  each  one  of  these 
localities,  but  1  hope  that  at  some  future  date  more  extensive  examina- 
tion may  be  made. 

GOLD  AND  SILVER. 

€rilpin  County. — Nearly  all  the  lodes  of  t  his  region  are  auriferous.  Cen • 
tral  Nevada  and  Black  Hawk  are  located  in  the  centre  of  the  metal- 
liferous region.  Thousands  of  lodes  have  been  located,  but  there  are 
comparatively  few  only  worked  at  present.  Pjrito,  chal-^opyrito,  and 
sphalerite  are  the  chief  gold-bearing  minerals.  -  Of  these  the  last  named 
generally  contains  a  small  percentage  of  silver.  By  this  time  the  mines 
have  reached  an  appreciable  depth,  and  the  yield  therefrom  is  satisfac- 
tory* Some  of  them  even  furnish  an  unusually  large  percentage  of  gold. 
Amalgamation  and  smelting  are  tbo  means  employed  in  separating  the 
precious  metals  from  the  ore.  In  connection  with  the  auriferous  lodes 
Oilpin  County  has  also  some  that  are  worked  for  silver.  In  that  case 
the  metal  is  containe<l  mainly  in  galenite  and  narrow  seams  or  small 
particles  of  fahlerz.  These  lodes  are  of  secondary  importance  only,  as 
gold  is  the  main  mineral  product  of  the  county. 

Since  1858  the  gulches  and  mines  have  been  worked  more  or  less 
st^Mlily.  Much  speculation  and  mismanagement  by  incompetent  men 
had  temporarily  injured  the  reputation  of  the  mines,  but  gradually  the 
deeply-rooted  mistrust  is  removed  by  the  proof  of  their  undoubted 
resources  and  value. 

Clear  Creek  County, — In  contradistinction  to  the  preceding,  this  county 
contains  mainly  argentiferous  deposits.  At  and  near  Georgetown  the 
most  remunerative  mines  are  located.    Some  of  them  produce  an  enor- 


118  BEPOET   UXITED  STATES  GEOLOGICAL  SURTET. 

moos  V  ieldy  aod  many  of  them  may  be  classed  as  -*  very  good."*  Galeni  te« 
sphalerite,  wveral  varieties  of  fahlerz  and  pyrargmce  are  the  silver- 
bearing  minerals.  Qaantitatively  they  oecar  as  enumerated.  In  thts 
direction  of  Gray  *s  Peak  the  ore-bearing  *^belt''  extends,  and  there  we 
find  mines  locates!  above  timber-line,  at  an  altitude  of  abont  12,000  feet. 
I  may  here  mention  a  cnrious  occurrence  that  has  excited  considerable 
comment,  in  the  report  of  1S73  I  allnded  to  the  frozen  condition  of  the 
ore  in  the  International  mine  on  Mount  McClellan,  nine  miles  west  of 
Geor<;etowii.  A  tunnel  has  been  driven  into  the  side  of  the  mountain 
for  the  distance  of  liO  feet.  There  it  is  reached  by  a  venical  air-shaft. 
It  was  found  that  the  ore  was  all  frozen  from  the  very  entrance  of  the 
tunnel  to  the  depth  reached  at  the  time  of  my  visit  (June  18, 1373). 
I  have  learned  that  the  same  characteristic  holds  good  to  the  present 
day,  although  much  work  has  since  been  done.  \V  hile  there  I  satisfied 
myself  that  the  frozen  condition  of  the  or^  was  not  owing  to  any  draught 
of  very  low  temperature  that  might  be  created  by  the  air-sbaft.  Va- 
rious views  have  been  promulgated  tending  to  explain  the  presence  of 
solidly  frozen  masses  to  a  depth  of  more  than  2tK)  feet,  but  none  of  them 
appear  to  be  sarisfactory.  I  presume  that  we  have,  in  this  instance,  a 
case  analogous  to  that  of  the  ^*  frozen  caves  '*  of  other  parts  of  the  world. 
It  may  be  that  some  chemical  change  at  present  going  on  in  the  sur- 
rounding rocks  causes  a  diminution  of  heat.  This  occurrence  is  one  of 
very  great  interest,  but  it  is  my  opinion  that  the  proper  solution  of  the 
question  cannot  be  reached  except  by  a  series  of  observations  extending 
over  a  long  period  of  time.  Meteorological  couiiitions,  hygroscopic  va- 
riations at  different  seasons,  as  pertaining  to  the  humidity  of  the  rocks, 
chemical  and  physical  activity  of  the  minerals  constituting  the  rocks 
and  the  ore.  besides  other  factors  involved,  must  be  taken  into  consid- 
eration before  any  acceptable  theory  can  be  established.  Within  the 
tunnel  the  sight  is  one  of  the  most  beautiful  imaginable.  Thousands  of 
thin,  transparent  ice-crystals  line  walls  and  roof,  reflecting  with  myriads 
of  sparkling  flashes  the  light  of  the  miners  lamp.  It  is  truly  a  magical 
scene,  transporting  the  visitor  to  the  fairy  palaces  of  the  "Arabian 
Nights.'' 

At  Idaho  a  number  of  silver  lodes  are  worked.  They  are  well  devel- 
oped, and  furnish  a  good  yield.  Near  Empire,  in  the  same  county,  gold 
mines  are  worked  to  some  extent.  Throughout 'both  Gilpin  and  Clear 
Creek  Counties  there  are  scattering  locations  of  lodes  at  many  localities. 
Many  of  the  gulches  are  ^*  worked  out,**  but  others  still  affoid  suflScient 
pay  to  tempt  the  miner.  Gulch-work,  though  physically,  perhaps,  more 
severe,  has  the  popular  advantage  over  mining  pro]>er  that  every  day  or 
every  week  the  workman  can  perceive  the  reward  for  his  labors  in  tan- 
gible gold,  without  the  interference  of  a  mill  or  smelting-works. 

Caribou  District. — Mining  in  this  district  is  comiKiratively  young,  as 
yet.  Almost  all  the  ores  are  typical  silver  ores,  consisting  of'galenite, 
sphalerite,  fahlerz,  argentite,  and  pyrargyrite,  mainly.  From  the  sur- 
face down  the  indications  have  been  favorable,  and,  as  far  as  developed, 
the  mines  show  good  results.  Many  lodes  have  been  located,  and  the 
mining-camp  that  at  the  time  ef  my  visit  (June,  1873)  was  in  its  incipi- 
ency  is  to-day  an  active  one.  Further  development  of  tbe  mines  already 
started  will  no  doubt  result  in  very  satisfactory  returns  of  the  precious 
metal. 

Sufukine  District. — In  1874  the  first  discovery  was  made  by  D.  O. 
Patterson.  At  first  the  nature  of  the  ore  was  not  fully  recognized,  but, 
as  numerous  other  discoveries  soon  followed  the  first,*  that  of  the  Snn- 
■hioe  lode,  the  great  value  of  the  rich  ores  was  soon  established.    ProfL 
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J.  AldeD  Smith  did  much  to  bring  the  district  to  poblio  Dotice,  and 
showed,  by  his  management  of  the  American  mine,  the  uatnre  and  ca- 
pability of  the  ores.  Tbis  region,  together  with  that  of  Gold  Hill, 
coostitates  one  of  the  most  interesting  and  mineralogically  important 
features  of  Colorado.  Instead  of  finding  the  precious  metals  contained 
in  such  minerals,  classed  as  ^^  ores"  that  generally  carry  them  in  that 
State,  they  are  in  combination  with  telhirium,  and  sometimes  iodine. 
Tclkirids  of  gold  or  silver,  or  both,  constitute  the  ores  that  have  become 
justly  famous  on  account  of  their  remarkably  high  yield  of  both  these 
metals.  Mineralogically,  the  occurrences  in  these  districts  are  not 
equalled  in  any  otber  part  of  the  world.  In  the  Sunshine  district  the 
ores  showed  very  high  pay  from  the  surface  down.  Decomposition  has 
removed,  to  a  great  extent,  the  tellurium,  and  we  now  find  either  native 
gold  or  silver,  or  an  alloy  of  the  two,  in  the  rock.  Fifty-five  feet  was 
the  greatest  depth  reached  (Fair  View  mine)  at  the  time  (October  22, 
1875)  I  visited  the  Sunshine  camp.  At  that  depth  the  decomposed  ores 
were  beginning  to  turn  into  solid,  fresh  ones. 

A  greater  depth  has  been  reached  by  the  Red  Cloud  and  Cold  Spring 
mines  at  Gold  Hill.  It  may  there  be  observed  that  the  surface-ores  soon 
give  way  to  the  undecomposed.  Furthermore  it  is  noticeable  that  with 
increasing  depth  other  ores,  galenite,  sphalerite,  pyrite,  and  chalcopyrite 
set  in.  These,  too,  ci^rry  very  appreciable  quantities  of  the  precious 
metals.  Begarding  this  in  connection  with  the  genesis  of  an  ore- 
bearing  vein,  we  may  be  led  to  some  definite  inferences.  All  fissures 
that  now  we  find  to  be  metalliferous  lodes  were  filtered  by  infiltration — 
infiltration  taken  in  its  widest  sense.  The  constituents,  from  their  char- 
acter classed  as  ^^  ores"  may  have  been  in  hydrothermal  or  any  other  liquid 
solution,  or  they  may  have  been  in  a  volatile  state,  gradually  condensing 
as  they  receded  from  the  source  producing  their  volatilization.  In  q^e 
we  follow  up  this  latter  view,  we  will  find  that  it  is  borne  out  by  evi- 
dence. Less  volatile  minerals,  pyrite,  chalcopyrite,  galenite,  and  sphal- 
erite, are  found  only  as  we  reach  greater  depth  in  the  vein,  while  the 
highly  volatile  tellurium  compounds  occur  in  the  greatest  quantities 
higher  up.  This  would  place  the  cause  of  volatilization  at  an  indefinite 
depth,  but  not  at  the  sides  of  the  veins.  If  we,  in  addition,  take  into 
consideration  the  fact  that  the  Eed  Cloud  and  Cold  Springs  lodes  are 
contact  veins  on  either  side  of  a  i>orphyry-dike,  this  matter  is  still  fur- 
ther elucidated.  Granite  is  the  country -rock,  and  it  is  traversed  at  that 
jK>mt  by  a  porphyry-dike  40  to  50  feet  in  width.  Between  this  and  the 
granite  on  either  side  we  find  the  two  veins.  It  may  be  observed  that 
whereas  small  spurs  of  the  veins  enter  the  porphyry  from  either  side, 
none  are  found  within  the  granite.  It  is  impossible,  therefore,  to  separate 
the  formation  of  the  lodes  from  that  of  the  dike.  Inasmuch  as  the 
material  composing  the  dike  was  certainly  at  one  time  subjected  to  the 
action  of  intense  heat,  there  is  no  reason  why  the  ores  should  not  have 
consolidated  in  the  fissures  which  they  reached  as  vapor. 

All  of  the  metalliferous  veins  occurring  in  the  regions  above  men- 
tioned are  found  to  be  within  the  metamorphic  area.  Typically,  as 
veins,  they  show  scarcely  any  differences.  They  are  at  times  contact- 
veins,  between,  for  instance,  gneiss  and  granite;  and  again  they  run 
entirely  in  the  one  or  other  rock.  As  a  rule  they  may  be  said  to  be 
what  are  popularly  termed  ^^  true  fissure-veins.^  Presumably  this  ap- 
pellation is  supposed  to  convey  the  idea  that  they  are  ^^  persistent "'  as 
to  downward  extension.  In  some  localities  veins  occur  that  cannot  be 
classed  among  them.  In  this  case  we  find  the  orebearing  body  is  but 
a  member  of  the  gneissoid  or  schistose  rock,  is  conformable  with  it  in 
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dip  and  strike.  These  cases,  bowever,  may  be  regarded  as  the  excep- 
tion rather  than  the  rale.  So  far  as  practical  work  is  concemedi  there 
is  uo  doubt  that  the  ore-veius  of  these  regious  are  inexhaastible ;  t.  «., 
they  will  reach  to  depths  beyond  which  the  miner  of  the  present  day 
cannot  penetrate.  Improved  machinery  for  supplying  deep  mines  with 
cool  air  and  controHing  the  waters  may  at  some  fatare  time  permit  of 
still  deeper  workings. 

Summit  District — Sonthwest  of  Del  Norte  a  number  of  mines  are 
located  in  what  is  called  Summit  district.  The  ^^ Little  Annie''  first 
drew  attention  to  the  place,  and  soon  other  mines  were  opened.  Oto\i\ 
is  the  metal  found  inhere,  in  1875  I  visited  the  locality  and  examined 
it.  So  far  as  conld  be  determined,  no  regularly-defined  veins  exist 
there.  The  entire  hill  upon  which  the  ore-l^aring  root:  is  found  seems 
to  be  impregnated  with  mineral  matter.  This  latter  is  ess^^ntially 
pyrite,  occurring  in  very  minute  crystals  or  particles.  It  is  highly  au- 
riferous within  certain  zones,  and  upon  decomposition  the  gold  becomes 
free.  Thus  a  very  satisfactory  yield  can  be  obtained  by  milling  the 
ore.  It  remains  to  bo  established  whether  the  impregnation  will  con- 
tinue to  be  gold-bearing  throughout  the  entire  mass.  In  other  regions 
I  have  observed  similar  impregnations  of  the  same  mineral,  but  as  no 
mining  was  going  on  there  it  became  impos»ible  to  decide  as  to  their 
merits.  Nearly  all  the  mines  in  Summit  district  were  but  in  their 
infancy,  and  it  therefore  cannot  be  stated  what  their  ultimate  pros- 
pects or  prol>able  fate  may  be. 

San  Juan  region, — During  the  year  1874  I  had  occasion  to  visit  the 
entire  San  Juan  region  while  accompanying  the  party  in  charge  of  Mr. 
A.  D.  Wilson.  At  that  time  not  all  the  lodes  or  even  their  localities 
had  been  di;>covered.  Since  we  were  there  the  districts  on  Lake  Fork, 
near  Handie's  Peak,  and  others  have  been  organized.  HowardsviUe 
and  Silverton  were  the  centres  of  all  mining  operations. 

Early  in  I860  and  186L  the  metalliferous  character  of  the  locality  had 
been  recognized  by  Baker^  and  he  led  into  the  country  a  large  party  of 
prospectors  and  miners.  Hardships  and  Indians,  however,  succeeded 
in  disbanding  them,  and  many  perished.  Since  that  time  until  a  few 
years  ago  the  region  was  either  forgotten  or  dreaded.  In  1873  the  treaty 
with  the  Utes,  ceding  the  land,  was  concluded,  and  miners  flocked  from 
everywhere  to  the  spot  of  which  such  exaggerated  reports  had  reached 
theiu.  Many  were  disappointed  and  returned  with  discouraging  reports, 
but  more  remained  and  may  ultimately  reap  the  reward  of  their  perse- 
verance. Instead  of  only  Baker's  Park,  which  was  the  first  known, 
other  localities  were  discovered,  and  the  country  was  comparatively 
rapidly  settled. 

On  the  Animas  Forks,  at  llowardsvilleand  at  Silverton,  the  greater  por- 
tion of  the  locations  may  be  found.  When  I  visited  the  places  (August, 
1874),  over  2,000  lodes  had  l>een  claimed,  although  but  few  were  steadily 
worked.  Galeuite,  sphalerite,  fahlerz,  argentite,  and  pyrargyrite  oom- 
pose  the  ores  chiefly.  Silver  is  almost  exclusively  the  metal  obtained, 
and  occurs  in  large  quantities  in  some  of  the  veins.  An  exception  to 
this  rule  occurs  in  Arrastra  Gulch,  near  Silverton,  where  the  Little  Giant 
mine  is  worked  for  gold.  Chloride  of  silver  is  reported  as  occurring  in 
some  of  the  Devonian  limestones  near  the  Animas  River.  I  did  not 
have  time  to  verify  this  report.  As  is  the  case  with  by  far  the  majority 
of  ore-veins  in  Colorado,  so  these,  too,  have  a  dip  almost  or  entirely 
vertical.  This  may  certainly  be  regarded  the  normal  for  the  lodes  of 
the  State.  Within  the  last  three  years  lodes  have  been  found  and 
opened  in  the  vicinity  of  Lake  Fork.    Besides  the  usual  silver  ores. 
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tellarides  of  gold  and  silver  occur  there  that  greatly  iDcrease  the  value 
of  the  ore.  Settlements  have  sprang  up  with  the  rapidity  usually  ob- 
served in  new  mining  countries,  and  a  region  that,  but  a  few  years  ago, 
was  a  wilderness,  to-day  shows  ample  evidence  of  the  enterprise  ana 
industry  of  the  pioneer  miner. 

All  the  ore-bearing  veins  of  the  San  Juan  region,  as  well  as  those  of 
the  Summit  district,  lie  within  the  trachorbelitic  area.  We  have  in  this 
Instance  veins  that,  in  their  physical  and  mineralogical  character,  oan- 
uot  be  distinguished  from  those  of  the  older  formations,  occurring  in 
volcanic  rocks  of  Tertiary  age.  The  unusually  rugged  and  broken  con- 
figuration of  the  country  facilitates  mining  operations.  Not  uufre* 
queutly  metalliferous  vains  may  be  traced  for  several  hundred  feet  of  ver- 
tical distance  on  the  steep,  rocky  slope  of  some  mountains,  or  in  the  walls 
of  a  caiion.  Obviously  such  conditions  must  be  favorable  to  the  miner, 
assuring  him  at  once  of  the  presence  of  his  ore  for  a  certain  distance,  and 
pointing  out  to  him  a  ready  method  of  extraction.  Up  to  the  present 
time  the  development  of  the  San  Juan  mines  has  been  retarded  by  the 
want  of  available  capital.  The  individual  miner,  however  industrious 
lie  may  be,  cannot  by  his  own  physical  labor  properly  develop  a  mine. 

A  word  may  be  said  with  reference  to  the  treatment  of  Colorado  ores. 
Naturally,  the  first  method  employed  was  that  of  crushing  the  ore  and 
saving  the  gold  by  raw  amalgamation.  This  process  is  the  one  requiring 
the  minimum  of  preparation,  one  that  every  man  of  average  intelli- 
gence can  readily  become  familiar  with,  and  furnishes  to  the  miner  his 
weekly  or  monthly  product  in  the  shape  of  bullion.  So  long  as  surface- 
ores — ».  f.,  of  gold — were  the  only  ones  treated  in  this  way,  ic  answered 
very  well.  As  soon  as  the  undecomposed  ore  was  reached,  the  results 
were  no  longer  Tonud  to  be  satisfactory.  In  that  case  the  only  reasona- 
ble method  is  smelting.  Thereby  the  gold,  that  otherwise  will  often  ^o 
into  the  tailings  and  perhaps  be  lost  altogether,  can  be  save<l.  The 
sooner  this  fact  is  fully  appreciated,  and  the  more  the  smelting  processes 
are  brought  into  harmony  with  established  laws  of  chemistry  (which  is 
not  always  done),  the  better  will  the  miner  find  himself  repaid  for  his 
bard  and  dangerous  work.  A  number  of  go  jd  smelting-works  have  been 
established  in  Colorado,  and  they  are  fully  able  to  take  charge  of  the 
ore  that  may  be  furnished  them,  with  advantage  to. the  smelter  and 
profit  to  the  miner. 

Small  placers  occur  at  several  pla(*^s  in  the  districts  I  have  examined. 
Some  of  them  are  worked  at  present ;  others  have  lain  idle  lor  years, 
and  still  others  are  exhausted.  In  and  near  Taylor  Kiver  Park,  in  Grey- 
back  Gulch,  on  the  North  Fork  of  Bio  Alamosa,  and  elsewhere,  a  little 
work  is  carried  on. 

COPPEE,  ZINC,  AND  LEAD. 

These  metals  are  gained  in  the  extraction  of  gold  and  silver  ores. 
They  are  so  abundant,  associating  with  the  more  precious,  that  they  can 
be  regarded  only  as  a  secondary  consideration.  Some  of  the  smelting- 
works  devote  either  a  poition  or  their  entire  force  to  their  extraction. 
In  that  case  the  metals  are  mostly  obtained  from  low-grade  gold  and 
silver  ores.  Uranium,  occurring  in  pitchblende,  was  mined  in  the  Wood 
mine,  near  Nevada.  The  yield  was  satisfactory.  At  present  the  mine 
lies  idle,  but  it  is  to  be  hoped,  if  only  for  the  sake  of  mineralogists,  that 
work  may  ere  long  be  resumed.  With  mineralogical  "  treasures''  of  such 
a  nature  Colorado  is  well  supplied ;  less,  perhaps,  as  regards  number  of 
species  than  so  far  as  size  and  beauty  of  those  occurring  are  concerned. 
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COAL  Aia>  IRON. 

Goal  occurs  in  Colorado  at  a  number  of  localities ;  it  is  found,  with 
interruptious,  along  the  eastern  base  of  the  Front  Kange,  and  in  the 
interior  of  the  State  in  valleys  of  many  of  the  larger  streams  or  tbeit 
drainage.  In  1873  and  1875  I  visited  the  coal  mines  of  Canyon  and 
Trinidad,  which  lay  within  the  borders  of  my  districts.  At  both  places 
I  found  an  ample  supply,  and  found  mining-operations  going  on.  About 
the  quality  cf  the  coal  much  has  been  said  and  written.  It  is  useless  to 
repeat  anything  here;  the  object  of  this  paper  cannot  permit  it.  Suffice 
to  say,  that  for  ordinary  economic  purposes  the  coal  will  answer  very 
well.  'An  almost  unlimited  source  of  coal  may  be  developed  in  Colo- 
.rado  if  all  of  its  available  beds  are  developed.  Many  years  must  nec- 
essarily pass,  however,  before  this  will  be  required.  A  brief  reference 
may  be  made  to  the  ^^  anthracite,"  which  has  often  been  reported  from 
this  State.  So  far  as  the  observations  of  geologists  of  this  survey  go, 
the  anthracites  are  either  older  (lowest  Cretaceous)  coal  than  the  ^^  lig- 
nites," or  they  owe  their  anthracitic  composition  to  the  passage  of  vol- 
canic material  through  the  beds  or  seams.  In  this  latter  case  the  heat 
of  the  volcanic  rocks  has  caused  a  partial  volatilization  of  the  gases, 
thus  greatly  increasing  the  percentage  of  fixed  carbon.  It  is  evident, 
therefore,  that  although  we  may  have  an  anthracite  in  the  strict  miner- 
alogical  application  of  the  term,  we  have  not  an  anthracite  in  the  same 
sense  of  the  word  as  it  is  applied,  lor  instance,  to  the  Pennsylvania 
coal. 

Iron  is  found  and  mined  in  Colorado  on  Grape  Creek,  near  Canyon 
City.  The  ore  is  magnetite,  yielding  a  high  percentage  of  the  metal. 
But  little  demand  for  iron  exists  iu  the  State  at  the  present  time. 
Should  the  demand  arise,  however,  numerous  deposits,  now  undisturbed, 
will  furnish  ample  material  to  meet  it.  Limonites  occur  as  kidney  ore 
within  the  same  beds  that  contain  the  coal,  and  if  undecomposed,  they 
are  siderites.  At  Golden,  Canyon,  and  Trinidad  the^'  are  found,  and 
can  readily  be  utilized  if  required.  In  the  interior  of  the  State  certain 
formations  usually  carry  lower-grade  iron  ores,  which  may,  at  some  . 
future  day,  perhaps,  be  turned  to  account. 

In  order  to  present  a  brief  synopsis  of  all  the  formations  found  in 
Colorado,  I  have  prepared  a  table.  In  it  is  recorded  not  only  my  own 
work,  but  extracts  have  been  made  from  the  reports  of  Dr.  Hayden, 
Dr.  Peale,  Mr.  Holmes,  Mr.  Marvine,  and  Professor  Lesquereux.  It  is 
at  all  times  a  matter  of  considerable  difficulty  to  attempt  parallelization 
of  formations  or  groups.  A  certain  amount  of  latitude  must  be  admitted 
for  all  comparison  of  such  nature.  Though  but  a  comparatively  small 
proportion  of  the  formations  and  groups  can  be  found  in  any  one  partic- 
ular district,  the  total  exhibit  is  one  showing  a  sufficient  diversity. 

Thicknesses  of  beds  and  groups  have  been  given,  showing  the'limits 
that  were  therein  observed.  It  is  evident  that  over  an  area  of  nearly 
70,000  square  miles  great  variations  of  the  vertical  dimensions  must 
occur,  and  therefore  they  have  been  indicated  so  far  as  feasible. 

Enumerations  of  locality  are  made,  beginning  with  the  more  westerly 
ones  and  going  eastward. 
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THICKNESSES  OF  FOBMATIONS  AT  CEBTAIN  LOCALITIES. 
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Adding  the  thickness  of  all  the  sedimentary  formations  occurring  in 
Colorado,  we  arrive  at  the  maximum  result,  giving  a  thickness  of  24,500 
feet. 
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LETTER  OF  TRANSMITTAL. 

Washington,  D.  C,  Jamiary  2, 1878. 

Sib  :  I  have  the  honor  herewith  to  trausmit  the  ^^  Catalogue  of  Min- 
erals found  m  Colorado."  It  has  been  made  as  complete  as  possible,  up 
to  date. 

A  plan  differing  from  that  previously  followed  has  been  adopted. 
So  tar  as  practicable,  analyses  of  Colorado  minerals  have  been  given. 
They  will  aid  examination  and  show  the  interest  taken  by  specialists  in 
the  minerals  from  this  State.  All  available  material  has  been  utilized 
in  the  preparation  of  the  catalogue.  A  systematic  enumeration  of  the 
Colorado  mineral  species  and  references  to  the  publications  thereon  have 
been  added. 

I  desire  here  to  thank  those  gentlemen  to  whom  I  am  indebted  for 
verbal  and  written  information. 
Hoping  that  the  subjoined  pages  may  meet  your  requirements, 
I  am,  ver3'  respectfully,  your  obedient  servant, 

FREDERIC  M.  ENDLICH. 
Dr.  P.  V.  Hayden, 

Geologist  in-charge  United  States 

Oeologioal  and  Oeographical  Survey  of  the  Territories. 
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CATALOGUE  OF  MINERALS  FOUND  IN  COLORADO, 


By  F.  M.  £i7DLICH,  S.  N:  D. 


The  coDtinaoas  development  of  mineral  resoarces  of  Colorado  is  pro- 
dactive  of  a  more  complete  knowledge,  not  only  of  their  distribution, 
bat  of  their  specific  character.  In  1873. 1  pablished  my  first  catalogue 
of  minerals  of  that  Territory.  An  enlarged  list  was  printed  in  the 
United  States  Geological  Beport  for  1875.  Now,  the  survey  of  Colorado 
is  completed,  many  additions  of  species  new  to  the  State  and  of  new 
localities  for  known  ones  have  been  obtained.  With  a  view,  therefore, 
of  presenting,  as  complete  as  possible,  a  catalogue  of  Colorado  minerals 
I  have  undertaken  its  preparation  a  third  time.  In  so  doing,  I  have 
availed  myself  of  all  accessible  material.  Publications  and  private 
communications  by  the  following  gentlemen  have  furnished  very  materiid 
aid  in  the  completion  of  the  work:  Dr.  F.  Y.  Hay  den,  United  States 
Geologist;  Capt.  E. L.  Berthoud,  Golden,  Colo.;  Prof.  J.  D.  Dana,  New 
Haven,  Conn.;  Prof.  P.  Frazer,  E.  M.,  Philadelphia;  Profl  F.  A.  Genth, 
University  of  Pennsvlvania,  Philadelphia;  E.  Goldsmith,  Philadelphia; 
J.  D.  Hague,  E.  M.,  Survey  of  the  Fortieth  Parallel ;  Prof.  N.  P.  Hill, 
Black  Hawk,  Colo. :  W.  H.  Holmes,  United  States  Geological  Survey ; 
Dr.  G.  A.  Koenig,  Philadelphia ;  Dr.  O.  Loew,  Survey  West  of  tbe  One 
Hundredth  Meridian ;  Prof.  J.  E.  Mallett,  jr..  Canyon  City,  Colo. ;  W. 
McCree,  E.  M.,  Del  Norte,  Colo. ;  Dr.  A.  C.  Peale,  United  States  Geolog- 
ical  Survey;  Mr.  Richard  Pearce,  Black  Hawk,  Colo. ;  Mr.  Peters,  E.  M., 
Fmrplay,  Colo.;  R.  J.  Raymond,  United  States  Mining  and  Mineral 
Commisnioner;  Prof.  J.  F.  L.  Schirmer,  Denver,  Colo.;  A.  von  Scbulz, 
E.  M.,  Black  Hawk,  Colo. ;  Prof.  B.  Silliman,  New  Haven,  Conn. ;  J. 
Alden  Smith,  State  Geologist,  Boulder  City,  Col. 

An  arrangement  has  been  followed  differing  somewhat  from  that 
adopted  in  previous  catalogues.  So  far  as  was  possible,  only  well-accepted 
mineral  spacies  have  been  enumerated,  without  according  specific  posi- 
tions to  the  varieties.  The  most  popular  names  for  certain  species  have 
been  inserted,  and  references  have  been  made  leading  to  the  name 
accepted  by  mineralogists.  It  is  intended  that  every  available  analysis 
of  Colorado  minerals  should  be  given.  Necessarily  many  that  have  been 
made  and  might  prove  valuable  cannot  be  obtained.  So  far  as  possible 
thi«  intention  has  been  carried  out.  Analyses  of  ores  or  metal-assays 
lire  not  given,  as  they  would  be  of  no  mineralogical  value,  however  inter- 
esting to  the  miner  and  smelter. 

A  systematic  enumeration  of  the  species  occurring  has  been  given  at 
the  end  of  the  catalogue.  It  is  arranged  in  accordance  with  Dana's  sys- 
tem of  mineralogy.  In  addition  thereto,  reference  is  made  to  publica- 
tions bearing  upon  the  mineralogy  of  the  State  of  Colorado. 

Undoubtedly  the  most  interesting  mineral  occurrence  in  Colorado  is 
that  of  tbe  tellurides.  Gold,  silver,  lead,  iron,  mercury,  and  oxygen  are 
combined  with  the  tellurium,  forming  compounds  that  have  either  been 
considered  heretofore  as  among  the  rarest,  or  were  totally  unknown  to 
science.  At  no  place  have  tellurides  occurred  in  such  large  quantities 
and  in  such  admirable  form.  As  ores  they  are  greatly  sought  alter  on 
account  of  the  high  percentages  of  gold  and  silver  they  contain.  Another 
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rare  occnrrence  is  that  of  the  pitchblende.  It  is  to  be  regretted  that 
the  mine  is  not  worked  at  present,  and  has  not  been  for  several  years. 
Thus  much  that  might  be  learned  as  to  its  distribution  in  the  vein  is 
lost. 

Among  those  minerals  classed  as  ''ores,"  the  argentiferoas  species  are 
prominent  in  Colorado..  Compounds  of  sulphur,  antimony,  tellurium, 
bism uth,  arsenic,  and  other  metals  and  metalloids  with  silver,  are  found  in 
varying  ratio.  Galenite  may  be  regarded  as  invariably  silver-bearing.  I 
haVe  made  more  than  a  hundred  assays  of  western  galenites  and  have 
never  failed  to  find  the  precious  metal.  It  remains  to  be  said  that  the  per- 
centage is  highly  variable,  and  that,  as  a  rule,  it  is  small  unless  argentite 
be  present  in  the  mineral.  This  is  not  unfrequently  the  case.  It  may 
be  noticed  that  many  very  coarse-grained  galenites  show,  upon  break- 
ing, dark  gray,  or  black,  dull,  cleavage-planes.  This  is,  in  many  in- 
stances, produced  by  a  very  thin  coating  of  argentite. 

It  is  not  to  be  supposed  that  the  number  of  minerals  occurring  at  any 
particular  locality  could  be  fully  ascertained  by  members  of  the  snrvey 
while  examining  the  region.  During  the  regular  field-work  only  such 
mineral  localities  will  l^  obtained  that  happen  to  be  found  more  or  less 
accidentally.  It  may  be  hoped,  therefore,  that  in  future  years  more 
knowledge  will  be  gained  regarding  the  non-metalliferous  minerals.  Of 
these  the  enumeration  at  the  present  time  is  rather  meagre. 

Thus  far  but  comparatively  few  epigene  minerals  have  been  found  in 
Colorado,  considering  the  large  number  of  mines  worked.  With  increas- 
ing depth  of  the  mines,  and  time,  no  doubt  the  mineralogist  will  event- 
ually be  rewarded,  and  will  find  many  a  secondary  mineral-product  that 
now  he  looks  for  in  vain.  Upon  undisturbed  dumps  a  few  such  species 
have  been  collected. 

Should  further  discoveries,  or  more  complete  examination  of  the  min- 
eral regions  already  known  warrant  it,  I  propose  to  prepare  another 
edition  of  the  catalogue  whenever  such  preparation  may  seem  advisable. 

AcTiNOLiTE. — In  radiated  fonn,  of  lightgreen  and  bluish  green  color,  on 
Mount  Ouray;  on  Buffalo  and  Sopris  Peaks;  crystallized  at  Bergen's 
Kanch,  Jefferson  County ;  on  Boulder  Peak. 

Agate. — i^ee  Quartz. 

Alabandite. — At  Quartzville. 

Alabaster. — See  Gypsum. 

ALBiTK.— Quartz  Hill,  Central  City ;  Gold  Hill,  Boulder  County. 

Almandite. — See  Garnet. 

Allophanite. — Franklin  Mine,  in  Gilson  Gulch ;  Fowler  and  Wells's 
Branch,  Sugar- Loaf  district. 

Altaite. — Bed  Cloud  and  Cold  Spring  Mines,  Gold  Hill.    It  occurs  in 
various  mines  of  the  Sunshine  district ;  minute  crystals  were  obtained 
from  the  Bed  Cloud.   Analyses,  published  by  Genth,  *  show  the  follow- 
ing result.    The  specimen  was  from  the  Bed  Cloud  Mine : 

(I)         («) 

Per  cent.  Per  cent 

Qnartz 0.19  0.32 

Gold 0.19  0.16 

Silver 0.62  0.76 

Copper 0.06  0.06 

Lead 60.22  60.53 

Zioc 0.15  0.04 

Iron 0.48  0.33 

Tellurium , 37.90  37.51 

99. 90        99. 74 
'  •  Proc.  Am.  Phil.  Soc.,  Philadelphia.    Vol.  XIV.,  p.  226, 1876. 
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Ajlxtm. — ^Moant  Vernon. 

Aluminite. — Mount  Vernon. 

Ahalgamite. — Occnrriug  in  connection  with  coloradoite  in  the  Key- 
stone Mine,  Boalder  Oonnty. 

Ambeb. — (One  specimen  found  near  the  head  of  Cherry  Creek.  This 
may,  however,  be  one  of  the  numerous  resins  occurring  in  the  lignitic 
coal.  They  resemble  amber^  but  differ  in  composition.  See  Wiiebl- 
ebite.) 

Amethtst.— /Km  Quabtz. 

Amianthite. — North  Boulder  Creek. 

AMPHiBOLiTB.^-Occurs  at  numerous  localities  in  the  dikes  traversing 
granite.  Small  acicnlar  crystals  can  be  obtained  from  the  porphyritic 
and  sanidiuitic  trachytes.  Good  crystals  are  rare.  Found  on  Buffalo 
Peaks ;  Montgomery ;  Head  of  Ohio  Creek  in  volcanic  breccia ;  on 
the  Gunnison  in  trachytes. 

Analoite. — In  minute  crystals  in  basalt,  near  Uncompahgre  Peak. 

Andesite. — Minute  crystals  in  the  trachytes  near  Black  Mountain. 

Akglesite  — ^Freelaud  Mine,  on  Trail  Cre^k.  In  crystals  at  the  Horse- 
shoe lead  mine,  in  South  Park.  Clifton  lode,  at  Central  City.  Pros- 
pector lode,  in  Arastra  Gulch,  near  Silverton. 

Ajnhtdbite. — On  Elk  Creek.  Crystallized  at  the  salt-works  in  South 
Park. 

AUTHOPHYLLITE. — North  Boulder  Creek. 

Anthbacite.— Anthracite  Creek ;  '^O  Be  Joyful"  Creek;  in  the  Elk 
Mountains;  in  Uncompahgre  Canon.  This  anthracitic  coal  is  of 
Lower  and  Upper  Cretaceous  age.  Partly  its  greater  age,  partly 
other  causes,  have  given  to  it  the  anthracitic  character.  Nearly  all  of 
it  was  originally  simply  bituminous  coal.  Dr.  Peale,  with  reference 
thereto,  says:*  ^'The  eruption  of  the  trachyte  found  near  the  coal 
first  mentioned,  probably  so  heated  it  as  to  deprive  it  of  the  bitu- 
minous matter."  An  analysis  made  by  Dr.  Peale  of  coal  from  An- 
thracite Creek  furnished  the  following  result : 

Water 1.60 

Fix6dcarbon 88.20 

Volatile  combustible  matter 3. 40 

Aeh 6.80 

An  average  taken  from  seven  analyses  of  Elk  Mountain  anthracite 
furnishes : 

Water 2.757 

Fixed  carbon 77.360 

Volatile  combustible  matter 13. 620 

Ash 6.291 

Specific  gravity 1.740 

Antimony. — Gold  Hill ;  found  there  in  minute  crystals. 

ANTRiMOLiTE. — See  Mesolite. 

Apatite. — At  Fairplay. 

Apophyllite. — Hunt's  Peak.  Eeported  from  some  of  the  basalts  near 
San  Luis  Valley. 

Abagonite. — Occurring  in  the  form  usually  termed  Jlos  ferric  very 
beautifully  in  Marshal's  Tunnel,  Georgetown,  Golden.  Table  Moun- 
tain. In  the  trachytes  near  Del  Korte ;  on  the  Rio  Grande,  above 
Fir  Greek ;  at  Idaho  Springs. 

•  Rep.  U.  8.  Geol.  Surv.,  1874,  p.  176. 
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Abfvedsonite. — Occurs  in  quartz  in  El  Paso  County.  An  ftoalysis 
iuruished  Dr.  O.  A.  Koenig  the  following  result  :* 

Per  oent 

Si  O, 49.83 

TiOa 1.43 

Zr  On 0.75 

Als  Og trace 

FejOs 15.88 

FoO  17.96 

Mn  0 1.75 

Li     0$ ^"^ 

KaO 1.44 

Ma^O 0.41 

Ignition 0.21 

97.97 

AUGBNTITE. — Colorado  Central  Mine,  Terrible,  and  other  mines  near 
Georgetown ;  in  the  No- Name,  Caribou,  and  others  ut  Caribou ;  in 
fiome  of  the  silver  lodes  near  Nevada;  in  the  Senator  lode  of  the 
Hardscrabble  district :  in  many  of  the  lodes  of  the  San  Juan  mining 
region  associated  with  fahlerz  and  pyrargyrite.  At  the  Silver  Star, 
Moose,  and  other  mines  near  Fairpla>.  Usually  it  is  found  in  small, 
irregular  particles  or  seams,  rarely  crystallized.  Decomposition  re- 
sults in  the  formation  of  native  silver. 

Absenopybite. — ^Crystallized  and  massive  in  the  Bobtail  atid  Gnnnell 
mines.  Intimately  associated  with  pyrite  and  chalcbpyrite  there. 
Generally  auriferous.  Together  with  silver  and  copper  at  the  Park 
lode,  Bergens  ranch.  Occurs  also  in  the  Priest  Mine  near  Fairpluy. 
With  frauklinite  on  Bio  DoloreS|  Nevada  district,  Gilpin  County. 

Asbestos. — Occurs  in  small  quantities,  partly  radiated,  near  Caribok. 

Asphalt. — Found  in  the  White  River  region.  It  occurs  in  veins,  is  very 
compact  and  brittle.  Occurs  in  springs  nenr  the  summit  of  the  Book 
Clififs;  Canyon  City.  (Loew.)  Several  of  the  petroleoid  products  of 
Colorado  have  been  termed  asphalt. 

AsTBOPHYLLiTE. — Occurs  in  quartz  on  Cheyenne  Mountain.  Imbedded 
in  quartz  in  El  Paso  County.  An  analysis  furnished  Dr.  G.  A.  Koe- 
nig the  following  result  :* 

Per  oent 

SiOi 34.68 

TiOa 13.r)8 

ZrOa 2.50 

FPaOs 6.56 

AlaOs 0.70 

FeO 26.10 

MnO 3.48 

K2O 5.01 

NaaO  2.51 

MagO 0.30 

CaO 0.42 

TaOi 0.80 

HiO 3.54 

99.91 

Atacamite. — On  Kendall  Mountain  in  some  of  the  argentiferous  lodes 
near  Ilowardsville. 

AVENTURINE  FELDSPAR. — See  ORTHOCLASE. 

AvENTURiNE  QuARTZ. — See  Quartz. 

*  Proc.  Ac.  Nat.  Soi.  Phil.,  Part  i,  1877,  p.  9.  ' 


BEDUCB.]  CATAL0GT7S  OF  COLORADO  MINERALS.  13^ 

AzuBJTE.— In  the  No-^ame,  together  with  malachite,  the  result  of  de- 
compositioQ  of  fahlerzy  Gariboa ;  in  the  Bosita  miDes  in  Hardscrab- 
ble  district ;  in  the  mines  aronnd  Fairplay  and  Idaho  j  on  Trail  Greek ; 
Crater  Mountain ;  in  the  mines  of  the  Elk  Mountain  district,  Mala- 
chite lode,  Bear  Greek,  Qendhemas  lode.  Tucket's  Gulch.  Generally 
the  aznrite  is  regarded  as  *^  blossom-rocK  "  by  the  miners.  If  result- 
ing from  the  decomposition  of  fahlerz  it  usually  indicates  silver-bear- 
ing ore.  No  crystals  of  any  size  were  observed,  the  largest  scarcely 
measuring  0.5  millimeter.  Small,  very  brilliant  crystals  were  found 
on  Kendal  Mounti^in,  near  Howardsville. 

Barite. — In  clear,  yellow,  tabular  crystals  in  the  Tenth  Legion  Mine, 
at  Empire ;  colorless  ci^stals  in  the  Terrible,  at  Georgetown ;  near 
Canyon  City,  transparent  crystals  are  found  in  the  arenaceous  shales  of 
that  region.  Crystals  occur  in  the  limestones  near  Fairplay ;  on  the 
Apishpa  Biver,  crystals  with  fine  terminations  are  found.  Bante 
occurs  also  in  Gilson  Gulch,  Georgetown ;  Montezuma ;  white,  red, 
and  brown  iq  Clear  Creek  Canon ;  on  station  17  of  1873,  and  on  sta- 
tion 46  of  1873.    At  the  Bosita  mines. 

BABAmiiL—See  Quart:^. 

BBBYL.*-On  Bear  Creek,  Tififany's  Banch ;  Stone  Dam,  Jefferson  County. 

BioTiTE.— On  Buffalo  Peak  and  station  64  of  1873.  Several  of  the 
trachytes^  more  particularly  the  pori^hyritic,  contain  small  crystals 
of  biotite.  It  is  also  found  in  some  of  the  basalt.  When  decomposed 
it  becomes  splendent  brown,  otherwise  it  is  very  dark  green,  browui 
or  black. 

Bismuth.— French  Gulch. 

BiSMUTHiiaTE. — In  the  Las  Animas  Mine,  pseudomorphous.  Dr.  O. 
Loew^  mentions  copper  and  iron  as  occurring  in  the  bismuthinite  of  the 
Ward  district.    Occurs  in  the  Pittsburgh  Mine,  Clear  Creek  County. 

BisMUTiTE. — From  the  Las  Animas  Mine,  incrusting  the  preceding  min- 
eral. 

Bituminous  Coal. — See  Coal. 

BoRNiTK. — Found  on  Bio  Dolores ;  San  Juan  region ;  at  Copperville, 
near  Caiion  City. 

BouRNONiTE. — ^Terrible  Mine,  near  Georgetown,  in  small  crystals. 

Brugite. — On  James  Creek. 

Calamine.— Park  Conntv. 

^  

Calayerite. — Associated  with  other  tellurides  in  the  Bed  Cloud.  Good 
crystals  have  been  obtained  from  Sunshine  district.  Found  in  the 
Keystone  and  Mountain  Lion  Mine,  Boulder  County.  Genth  pub- 
lishes an  analysis  of  calaverite,t  and  obtains  the  following  result: 

Per  cent. 

An 38.75 

Ag 3.05 

Te 57.32 

Va  0, 0.05 

FeO 0.30 

AlaOjMg.  O,  &o 0.55 

100.00 

Calcite. — In  small  crjtstals,  scalenohedra,  at  the  Monte  Cristo  Mine, 
Central ;  Mount  Vernon  ;  I3ergen'8  ranch  ;  rhombohedral  crystals  ou 
Cheyenne  Mountain  ;  in  the  limestones  of  South  Park ;  in  the  car- 
boniferous limestones  near  the  Arkansas  Biver,  lining  cavities ;  sca- 

*  EzploratioDs  and  Sorveys  West  of  the  100th  MeridiAD,  vol.  iii,  p.  63G. 
tZeitfichr.  fUr  Rryst.  ood  Min.,  P.  Grotb,  vol.  ii«  JSo.  1,  p.  6,  ld77. 
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lenohedra  in  the  Elk  Mountain  district ;  fibrons  in  Troat  Greek  Park  y 
on  Frying-pan  Greek.    Brown^  rose-colored,  yellow,  and  white  on 
Table  Mountain  at  Golden ;  scalenohedra  and  combinations  of  rhom- 
bohedra  in  quartz  geodes  near  Ouray. 
Marble. — Marble  occurs  at  several  localities  in  Golorado.    North  of 
the  Gunnison  near  Taylor  Biver  Park  is  perhaps  the  most  ex- 
tensive deposif- 

Galedonite.— Freeland  Mine,  Trail  Greek. 

Gaolinite. — Gamp  near  Mount  Princeton.  The  white,  chalk-like  bluffo 
on  Ghalk  Greek  near  Mount  Princeton  owe  their  appearance  to  the 
presence  of  caolinite.  There  it  is  the  product  of  decomposed  oligo- 
clase. 

Gabnallite. — Salt-works,  South  Park. 

Gabne  lian. — See  Quabtz. 

Gebabgtbite. — Gilpin  Gounty  lode.  Black  Hawk.  Small  compact 
quantities  in  the  Wade  Hampton  Mine,  Argentine,  Garibou.  Small 
specimens  were  obtained  from  the  Red  Gloud  Mine,  Gold  Hill.  At 
the  Eosita  mines.  '  Reported  from  Upper  Animas  region. 

Gebussite. — J.  P.  Whitney  Mine;  in  very  small  crystals,  Gentral ;  No- 
Name,  Garibou ;  Garibou  mine ;  Silver  Hills  mines  and  Eosita  mines, 
in  the  Hardscrabble  district.  Freeland  Mine,  Trail  Greek.  In  the 
Horseshoe  Mine  it  occurs  earthy,  and  is  found  throughout  the  mines 
of  Elk  Mountain  district.  Gaiion  Gity.  Found  also  in  the  Prospector 
lode,  Arastra  Gulch,  near  Silverton. 

Ghabazite. — Golden,  Golo.,  Table  Mountain.  In  basaltic  geodes  near 
Uocompahgre  Peak. 

Ghaxcanthite. — On  Glear  Greek,  below  Black  Hawk,  in  a  deposit,  and 
on  several  dumps  near  Gentral,  in  this  case  an  epigene  species  of 
chalcopyrite. 

Ghalcedony. — See  Quabtz. 

Ghalcooite. — Bergen  district,  near  Idaho  Gity.  Liberty  lode.  Bear 
Greek,  Gallon  Gity.    At  the  Eosita  mines. 

Ghalcopybite. — Malachite  and  Pocahontas  lodes,  Bear  Greek.  Aurif- 
erous in  the  Bobtail,  Winnebago,  Dallas,  Gunnell,  Eunning,  Kansas, 
Alps,  Galifornia,  and  other  mines  at  or  near  Gentral ;  mostly  it  occurs 
compact,  intimately  associated  with  pyrite.  It  is  found  in  every  pay- 
ing gold  mine  of  Gilpin  Gouuty,  and  the  miners  seem  to  think  a  great 
portion  of  the  ^'  pay"  dependent  upon  its  presence.  It  also  occurs  in 
the  Terrible,  Pelican,  Gold  Stream,  and  other  mines  of  Georgetown, 
as  well  as  in  those  of  Garibou  and  Hardscrabble.  In  the  Trinidad 
gold-mining  district,  near  Gulebra  Peak ;  in  the  gold  and  silver  mines 
of  Fair  Play  and  the  Elk  Mountain  district ;  on  the  Dolores  Eiver 
near  Mount  Wilson. 

Ghloanthite. — Arkansas  Eiver. 

Ghlorite. — On  Mount  Princeton ;  on  Trail  Greek ;  on  Sopris  Peak.  At 
some  localities  chlorite  replaces  the  mica  either  in  granite  or  schists. 
Mostly,  the  mineral  occurs  only  in  very  thin  flakes  without  crystalline 
faces. 

Ghloeophanite.— Bergen  district. 

Ghbomite. — Massive,  Silver  Hills  and  Fair  Play. 

Chbysocolla.— Ghampion  lode,  Trail  Greek,  Gaiion  Gity  5  AUen^s  cop- 
per mine,  head  of  San  Luis  Valley. 

Ghbysolite. — So  far  as  can  be  determined,  the  chrysolite  associated 
with  the  Fort  Defiance  garnets  extends  into  Colorado.  (Gompare 
Lieutenant  Wheeler's  Annual  Eeport  1875,  Vol.  iii.,  p.  105.) 

Ghbysoprase.— /See  Quabtz. 
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Goal. — (Compare  Anthracite.)  Coal  oocars  and  is  worked  at  a  nam- 
ber  of  localities  in  Colorado.  Two  borizoos,  mainly  of  coal-beds,  can 
be  distingaished — the  Cretaceons  and  the  Post- cretaceous.  With  the- 
exception  of  the  anthracoid  coal  of  the  Elk  Moantains  and  adjacent 
regions,  the  Colorado  coal  is  mostly  a  coking  or  binding  bituminous  coal. 
Some  of  the  banks,  however,  fnrnish  coal  that  cannot  be  atilized  for 
coking  purposes.  All  of  this  is  the  coal  to  which  the  term  ^'lignite''' 
has  b^n  applied.  Cretaceous  coal  is  found  on  the  divide  between  tho 
Uncompahgre  and  Cebolla,  Elk  Mountains,  on  the  Lower  Animas,  the 
Florida,  and  on  the  La  Plata.  Post-cretaceous  coal  occurs  along  the 
Front  Eange:  near  Boulder,  at  Golden,  at  Colorado  Springs,  at 
Canon,  near  Pueblo  and  Trinidad,  and  westward  from  that  town.  On 
Trout  Creek  Pass.    In  the  region  of  the  White  Eiver  a  number  of 

•   coal  veins  are  found,  belonging  to  this  group. 

Four  analyses  of  coal  from  the  Animas  region  furnished  the  follow- 
ing average  result : 

Water 3.730 

Fixed  carbon , 61.126 

Volatile  combustible  matter 30. 677 

Ash 4.472 

Specific  gravity 1.346 

Two  analyses  of  coal  from  Boulder  furnished  the  following  average- 
result: 

Water 13.305 

Fixed  carbon 50.340 

Volatile  combustible  matter 32. 950 

Ash 3.405 

Specific  gravity 1.270 

Eleven  analyses  of  coal  from  Gk>lden  gave  the  following  average* 
result: 

Water 12.165 

Fixed  carbon... 51.989 

Volatile  combustible  matter 31. 776 

Ash 3.900 

Specific  gravity 1.341 

Four  analyses  of  coal  from  Colorado  Springs  presented  the  follow- 
ing  average  result: 

Water 9.205 

Mixed  carbon 48.305 

Volatile  combustible  matter 35. 357 

Ash 7.132 

Specific  gravity 1.325 

Three  analyses  of  coal  from  Canyon  City  furnished  the  following 
average  result : 

Water 5.090 

Fixed  carbon 56.053 

Volatile  combustible  matter 35. 226 

Ash 3.630 

Specific  gravity 1.285 

Five  analyses  of  coal  from  Trinidad  gave  the  following   average 
result: 

Water 0.792 

Fixed  carbon 55.768 

Volatile  combustible  matter 32.483 

Ash 11.133 

Specific  gravity 1.363 
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A  total  average  prepared  from  thirty-foar  analyses  of  Colorado  bitu- 
pinoas  coal  will  farnish  an  idea  as  to  its  position  in  mineralogical  classi- 
fication. 

Water 6.436 

Fixed  corboDB 62.617 

Volatile  combastible  matter 34.096 

Aah a  835 

Speci6c  gravity 1.325 

OoLOiZADOiTE. — Occnrs  in  Bonlder  Gonnty,  in  the  Keystone  Mine;  in 
tbe  iSmnggler  Mine,  Ballerat  district,  Professor  Oenth  fnmlshes  sev- 
eral analyses.*    1,  Keystone  Mine ;  2  and  3,  Smnggler  Mine. 

Per  cent.                                                         Per  cent  Per  cent. 

flg 62.28  Qnartz 2.00  3.05 

Te 42.95  Au 3.46  7.^ 

AI^OaFesOa 2.44  Ag 2.42  7.18 

VaOa-... 0.70  Hg 55.80  48.74 

MgO O.ll  Cu trace.  0.16 

CaO 0.84  Zn trace.  0.50 

Fe 1.35  0.92 

99.32  Te 36.24  34.49 


99.27         99.06 

GOLUMBiTE. — ^Fonnd  occurring  in  prismatic  needles  piercing  tbe  Zir^ 
kon  of  Pike's  Peak. 

COPPEB. — ^Native;  arborescent  in  tbe  Gregory  lode.  Ward  district, 
Boulder  Gounty ;  Bergen's  rancb.  Arborescent  on  Jones's  Moun- 
tain ;  in  almond -sbaped  nuggets  in  placiers  of  Bio  San  Miguel. 

GOPPBRASITE. — See  Jabosite. 

GovBLLiTE.— Mosquito,  Gentral  Gity,  Gallon  Gity.    (Loew.) 

GuPBiTE. — In  (*.rystals,  from  Sacramento  Gulch  and  from  tbe  Sweet 
Home  Mine,  Malachite  lode,  Bear  Greek,  G«ndhemas  lode,  Tuckei^s 
Oulcb  ;  massive  on  tbe  Rio  Dolores. 

Dolomite. — From  tbe  Four-Mile  Greek.  Occurs  as  rock  in  a  number 
of  tbe  formations  of  the  State.  Very  rarely  crystalized.  Small  geodes 
in  Middle  Gretaceous  shales  are  sometimes  lined  with  dolorite  crys- 
tals. 

Dyscrasite. — Beported  from  the  head  of  tbe  Uncompabgre. 

Embolite. — Peru  district ;  Snake  Biver ;  Gold  Hill. 

Enargite — Near  Black  Hawk.  Found  in  the  Powers  Mine,  Russell 
^district,  Gilpin  Gounty. 

Epidote. — Grystals  associated  with  garnet  on  Gnnnell  Hill,  Central. 
Throughout  the  metauiorphics  of  the  Front  Range  in  minute  crystals; 
crystals  in  tbe  Sangrc  do  Gristo  Rsmge }  a  large  number  of  the  horn- 
blendic  dikes  contiiiu  massive  epidote  together  with  qnartz.  On  the 
summit  of  Mount  Bross ;  La^e  Greek  Gauon ;  Elk  Mountain  Range ; 
on  Trail  Greek. 

Fahlekz. — Terrible,  Golorado  Gentral,  Pelican,  and  other  mines  of 
Georgetown ;  No-Name,  Garibou,  and  others  at  Garibon ;  Mount 
Princeton.  Argentiferous,  mostly  antimouial,  sometimes  arsenical  in 
tbe  silver  mines  of  tbe  San  Juan  region.    Grystals  are  very  rare. 

Feldspar. — See  Aisdesite,  Labradorite,  Oligoclase,  ORxnocLASE, 
and  Sanidite. 

Fire  clay. — Golden,  Ralston,  Boulder,  &c.  Good  fire  clay  is  obtained 
from  the  Animas  coal-bearing  beds. 

Float-stone. — See  Pumice. 

Flos  Fecrl— /S>e  Aragonite. 

Fluorite. — Terrible  mine,  Georgetown,  in  ligbtgreen  cubes;  in  small 
crystals  and  massive,  of  violet  color,  on  Mount  McGlellan  and  Gray's 

"  (*Z  citachr.  iUr  Kryat.  und  Min.  P.  Groth,  \ol.  il,  No.  1,  1977.) 
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P«ak.  On  Bear  Creek ;  massive,  piok  and  violet  iD  the  Sweet  Home 
Home  Miue,  Clear  Creek,  and  James  Creek.  Massive  on  Kendall 
Monntain,  Howardsville. 

Fbanklinite. — Occurs  in  Mispickel  (arsenopyrite),  on  Rio  Dolores. 

Freieslebenite. — At  the  head  of  Cement  Creek,  near  Baker's  Park. 

Oalenite. — In  narrow  seams,  fine-grained  in  the  Winnebago  lode; 
feathery  in  the  Dallas  Mine;  coarse-grained  in  the  J.  P.  Whitney, 
Knnniug,  Monte  Cristo,  Forks,  and  other  mines  of  Gilpin  Connty.  lu 
the  Colorado  Central,  Equator,  Star,  Pelican,  Terrible,  and  others  near 
Georgetown,  it  occurs  in  very  large  quantities.  At  the  Cold  Stream 
very  fine  crystals  are  found,  combinations  of  cube  and  octahedron, 
rarely  rhombic  dodecahedron.  The  International,  on  Mount  McClel- 
lan,  at  an  elevation  of  12,890  feet^  has  a  heavy  vein  of  galenite.  The 
No-Name,  Fourth  of  July,  Caribou,  and  others  in  Boulder  County 
cootain  the  mineral.  Silver  Hill  mines  (fine-grained)  and  the  Kosita 
mines  in  Hardscrabble  district  Hamilton,  the  mines  around  Fair 
Play  show  crystals ;  the  mines  of  Elk  Mountain  district,  the  head  of 
Iowa  and  Empire  Gulch,  contain  galenite.  In  small,  scattering  quan- 
tities it  is  found  almost  throughont  the  State.  Bear  Creek,  Grey 
Gulch.  The  Highland  Mary,  the  mines  of  Cunningham  and  Arastra 
Gulches,  on  the  forks  of  the  Animas,  in  the  Sneffels  and  Uncompahgre 
districts.  Throughout  the  San  Juan  mines  galenite  is  one  of  the  prin- 
cipal ores.  Invariably  it  is  argentiferous,  although  the  quantity  of 
silver  it  contains  changes  greatly. 

Garnet. — Crystallized  in  rhombic  dodecahedra  and  sometimes  icosite- 
trahedra,  associated  with  epidote  on  Gunnell  Hill,  Central.  This 
occurrence  {spessartite)  closely  resembles  the  garnets  from  Anerbach, 
in  Germany.  Occurs  frequently  in  micaceous  schists,  Ouray  group, 
Dortbern  end  of  Sangre  de  Cristo  Bange.  On  Trail  Greek,  Bergen, 
&C.  Montgomery,  Bear  Creek,  Tuckei^s  Galch.  Near  the  southwest 
comer  of  Colorado,  found  in  drift  {almandite). 

Glauber  salt. — ^Bear  Creek,  Smoky  Creek.  At  a  number  of  hot 
springs  in  Colorado. 

Glockerite. — Central  City,  Idaho  Springs. 

GoETHiTE. — Occurs  with  hematite  on  Topaz  Buttes. 

Gold. — Native  gold  in  very  small  and  in  distinct  crystals  in  the  Bob- 
tail, Gunnel!,  Kansas,  and  on  Quartz  Hill,  near  Central.  In  the  gold 
gulches  of  Gilpin  County.  Many  of  these  are  worked  out,  others 
still  yield  nuggets  and  fine-gold.  On  Clear  Creek.  Tarryall  Creek ; 
Placer-diggings,  near  Fairplay,  in  imperfect  crystals  and  laminse.  In 
Washington  and  California  Gulches ;  in  the  placers  of  Union  Park, 
and  many  other  localities.  In  the  Elk  Mountains.  Placers  on  San 
Miguel,  on  the  Mancos  and  La  Plata.  Near  Parrott  City ;  in  the  Lit- 
tle Giant  Mine,  near  Silverton.  associated  with  ripidolite.  Occurring 
as  the  result  of  decomposition  ot  the  tellurids  in  the  Bed  Cloud,  Cold 
Spring,  and  other  lodes  near  Gold  Uill.  In  the  Ward  and  Sugar 
Loaf  districts.  In  the  American,  Grand  View,  Silver  Dale,  and  other 
mines  in  the  Sunshine  district.  Impregnated  in  volcanic  rock  in  the 
Summit  district.  It  is  very  finely  distributed  there,  and  contained 
in  pyrite.  Upon  the  decomposition  of  pyrite,  gold  becomes  free.  lu 
the  Little  Annie  it  was  first  discovered  in  this  district.  At  Oro  City, 
in  rbyolite.  In  some  of  the  South  Park  mines,  in  Potsdam  sandstone. 
At  theNevadalode,in  azurite.  Very  fine  although  small  crystals  have 
been  lately  obtained  from  the  Gunnell,  near  Central.  They  are  bright, 
en  black  sphalerite,  and  show  combinations  of  cube,  octahedron,  and 
rhombic  dodecahedron.  Mixtures  of  gold  and  silver  are  found  as  the 
result  of  decomposition  of  tellurids  containing  both  metals. 
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GosLABiTE. — On  the  damps  of  the  Wood  lode,  LeaveDworth  Oulch, 
near  Oentral. 

Graphic  granite.— &«  Pegmatite. 

Graphite. — TriDidad  Mine,  Las  Animas  Goanty.  Brad  lode^  Ban  Jaan 
district 

Greenoceite. — ^On  sphalerite  of  the  Dallas  Mine,  Black  Hawk,  Ban" 
ning  Lode,  Qnartz  Hill,  Nevada.    In  mine  of  galena,  on  Sooth  Boulder. 

Gtpsum. — Occars  at  nomeroos  localities. 

Qypsum, — Compact  in  the  Triassic  and  Cretaceons,  sometimes  Car- 
bouiferons  formations. 

Selenite. — Good  crystals  are  rare.  This  form  is  more  frequently 
found  than  the  compact.  Occars  in  the  Upper  Carboniferoos  beds  of 
Western  and  the  Tertiary  beds  of  Southern  Colorado.  In  the  Juras- 
sic formation  along  the  Front  Range.  On  Eagle  Biver,  along  the 
Lower  White  and  Grand.  Table  Blountain,  Golden. 
Alabaster. — Occurs  at  Mount  Vernon. 

Halite. — Salt-works  of  South  Park,  along  some  parts  of  the  Platte 
Biver,  in  springs.  Found  at  salt-licks  in  various  parts  of  the  Terri- 
tory.   Cafion  City,  Sinbad's  Valley,  Greenhorn  Mountains. 

Hematite. — 

Specular.^'Rhomhs  on  qnartz  crystals.  Topaz  Buttes ;  Procer  Hill, 
near  Central ;  Phillip's  Mine,  Silver  Hills ;  in  the  mines  of  Elk  Mount- 
ain district,  Bear  Creek,  Jefferson  County,  Unaweep  Cation.  Fine 
crystals,  iridescent,  San  Juan. 

Micaceous. — Caribou, Balston  Creek,  Unaweep  Cafion,  Sopris  Peak. 
single  crystals  on  quartz  and  some  inclosed  in  amethyst  at  the  Lit- 
tle Giant  mines,  near  Silverton. 
Fibrous. — ^Phillips  Mine,  Silver  Hills. 

Henryite. — Found  first  at  the  Bed  Cloud  and  Cold  Spring  mines ;  later 
ih  all  the  telluride  mines  of  Gold  Hill,  Ward,  Sugar  Loaf,  and  Sun- 
shine districts.  Fine  crystals  are  very  rare ;  minute  ones  are  found, 
but  rather  imperfect.    An  analysis*  furnished  the  following  result : 

Pb 53.19 

Fe 5.05 

Ag 0.31 

An trace. 

Te 41.45 

Specific  gravity 8.5253 

(Compare  altaite.) 
Hessite. — Gold  Hill,  Boulder  County;  a  telluride  that  may  be  hessite 
has  been  found  in  the  Hodgkiss  lode,  on  the  divide  between  TJncom- 
pahgre  and  Animas  Eivers.  A  similar  one  is  reported  from  the  vicin- 
ity of  Parrott  City,  on  the  La  Plata.  Prof.  B.  Silliman  examined  a 
specimen  from  the  Red  Cloud  Mine,t  and  found  :  An,  7.131  percent: 
Ag.,  51.0GL  per  cent.  A  specimen  of  hessite  from  the  Bed  Cloua 
Mine,  analyzed  by  Gcnth,(  showed  the  following  composition: 

Per  cent. 

Gold 0.22 

Silver 59.91 

Copper 0. 17 

Lead 0.45 

Zinc trace. 

Iron 1.35 

Tellurium 37.86 

•  Kep.  U.  S.  Geol.  Surv.,  1873,  p.  353.  "~""~ 

t  Rep.  U.  S.  Geol.  Surv.,  1873,  p.  689. 

t  Proc.  Am.  Phil.  Soc,  Phila.,  vo].  xiv.,  p.  327, 1876. 
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Hessite,  AURiFERons.— Oenth  has  published  *  three  analyses.  One 
of  these  gives  the  following  resnlts : 

Peroent. 

Qnartz 0.70 

Gold 13.09 

Silver 50.56 

Copper i  0.07 

Lead 0.17 

Zino 0.15 

Iron 0.36 

TeUnrinm 34.91 

100.01 

Heulanditb. — Small  crystals  in  basalt  near  Uncompahgre  Park. 
HiTCHCOCKiTE.— 5ec  Plumbogummite. 

nORNBLENDE.— iSe^  AMPHIBOLITE. 

Hyalite. — See  Opal. 

Htpersthene. — In  some  of  the  dikes  of  the  Front  Bange. 

Idocrase. — See  Vesuvianitb. 

Iodtritb. — ^A  small  fragment  was  fonnd  in  some  surface  ore  from  the 
Red  Olond  Mine,  Gold  HilL 

Iron. — Native  in  the  Colorado  meteorite  fonnd  in  1866. 

ISERITE. — Chug  Water. 

Jamesonite. — Sweet  Home  Mine,  San  Juan.  Summit  districti  near 
Del  Norte. 

Jarosite. — On  the  dumps  of  the  Wood  Mine,  Leavenworth  Oulch,  near 
Nevada. 

Jasper. — See  Quartz. 

Jet. — Wet  Mountain  Valley,  Trinchera  Mesa,  Southeast  Colorado.  Oc» 
cors  in  narrow  seams  in  most  of  the  coal-bearing  beds. 

Kalinite. — See  Alum. 

Labradorite. — Near  Golden,  in  the  dolerites.  Near  Fair  Play,  in  the 
trap-rock.  In  the  dolerites  of  Colorado,  generally.  No  good  crys- 
tals* 

Lanarkitb. — (Mine  unknown,  but  probably  in  Sonth  Park.) 

Lead. — Native  in  Hall  Gulch,  Summit  County.  At  Breckenridge.  An 
announcement  of  native  lead  must  always  be  received  with  necessary 
caution.  The  small  specimen  owned  by  Professor  Schirmer  I  have 
seen,  but  although  it  had  a  very  ''  natural  apx^earancei  I  was  unabLe 
to  decide. 

Lepidolite. — Eito  Alto  Peak,  in  a  form  resembling  the  Saxon  zinn* 
waldite. 

Leucite.— Table  Mountain,  Golden  City. 

liEUCOPTRiTE.— Spanish  Bar. 

Lignite. — Mouth  of  Gunnison.    There  it  retains  its  wood  structure. 

LiMONiTB. — In  the  Tertiary  sandstone,  west  of  Plum  Creek,  near  Col> 
orado  City;  in  several  localities  of  South  Park.  At  the  head  of  South 
Fork  of  Anthracite  Creek,  west  slope  of  Sangre  de  Cristo  Bange,. 
above  Mosco  Pass.  Numerous  localities  in  White  Eiver  region.  The 
"kidney -ores"  of  lignitic  group.  Pseudomorphous  after  pyrite  crys- 
tals at  Central,  Gilpin  County. 

Liomte. — From  the  Mountain  Lion  Mine,  Magnolia  district.  Professor 
Genth  furnishes  two  analyses  of  the  mineral.^ 

•  Bep.  U.  8.  Geol.  Surv.,  1873,  p.  689. 

t  Zeitacbr.  fUr  Kryst.  and  Mia.,  P.  Groth,  vol.  II,  No.  1,  1877.    It  is  eBseDtially  a 
modification  of  telluriam  {q.  v»),  aod  is  intimately  associated  with  qoartz. 

10  a 
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AnaJmm : 

Pw  oortk  Per  oeot. 

An 1.38  1.53 

Ag 0.25  0.«5 

Te 55.86  55.54 

8iO« 34.72  35.91 

AlsOs,  FesOs ai5  a  14 

MgO 0.17  0.19 

C»0 0.48  0.26 

Total 99.01      99.82 

Magnesite. — In  small  qaaotities  in  the  Banning  lode  at  Black  Hawk. 

Magnetic  Iron.— Bear  Creek,  Ralston  Greek,  Orape  Greek. 

MAGN£:riTE.— In  loose  nodnles  on  G nnnell  and  Procer  Hills,  at  Oentral ; 
in  small  octahedric  crystals  in  the  |2:neissic  rock  on  station  1.  Occar- 
ring  in  the  granites  of  varioas  localities,  Silver  Hills,  White  Honse, 
Capitol ;  in  the  dolerite  rocks  generally.  At  Idaho  and  Caribon.  Oc- 
curs near  Golden.  Octahedral  crystals  on  Qaartz  Hill,  near  GentraL 
On  Orape  Creek,  near  Canon  City,  is  an  extensive  deposit  of  magne- 
tite, which  is  mined  as  iron  ore. 

Magnglite. — From  the  Keystone  Mine.  It  occurs,  according  to  Oentb,* 
in  capilloid  and  acicular  crystals.  It  is  the  result  of  decomposition 
of  coloradoite,  and  has  the  formula  Hgs,  Te04. 

Malachite. — Isfound  as  the  result  of  decomposition  of  fahlerz  and  other 
minerals  at  the  Dallas,  Leavenworth,  and  other  mines  near  Central; 
at  the  No-Name,  Caribou,  Seven-Thirty,  Fourth  of  July,  and  others, 
at  Caribou ;  at  some  of  the  Georgetown  mines ;  at  the  Hardscrabble 
miues,  on  Mount  Princeton,  and  other  localities ;  at  Crater  Mountain, 
in  the  mines  of  Fair  Play  and  Elk  Mountain  district.  Malachite  lode, 
Bear  Creek,  Ocndhemas  lode,  Tucker's  Gulch,  Oro  City,  GaQon  City, 
Pollock,  Montezuma.    Allen's  copper  mine,  head  of  San  Luis  Valley. 

Maucasite. — Philipps  Mine,  Fair  Play. 

Melaconite. — Occurring  at  the  Gunnell,  Briggs,  Leavitt,  Leaven- 
worth, and  other  mines  near  Central ;  at  the  Unknown  Mine,  in  Mont- 
gomery, Tucker's  Gulch,  Jefferson  County,  Colorado.  Pollock,  Mos- 
quito. 

Melantebite. — On  thedumpsof  the  Wood,  Dallas,  and  Kansas  mines, 
and  others,  near  Central ;  in  the  Sweet  Home  Mine. 

Mercury. — Native ;  associated  with  mercury-telluride  in  the  Sunshine 
district,  Boulder  County. 

Mesitite. — Black  Prince  lode.  Lump  Gulch. 

Mesolite. — Golden,  Colo.,  South  Table  Mountain. 

MiSPlCKEL.— iSefC  Arsenopybitb. 

Minium. — Freeland  Mine,  Trail  Creek,  Georgetown,  Central  City, 
Dutchman  lode,  San  Juan  district. 

Meteoric  iron. — See  Iron. 

Molybdenite. — Leavitt  mine,  at  Central;  occurring  in  thread-like 
veins  in  Silver  Hills,  near  Fuir  Play,  Boulder  County.  Douglass 
Tunnel!,  Georgetown ;  Alice  Cary  lode,  San  Juan  district    ' 

MoLYBDiTE. — Alice  Carey  lode,  San  Juan  district. 

Muscovite.— In  good  crystals  on  Mount  Ouray,  and  in  the  coarse- 
grained granite  near  Caiion  City ;  throughout  the  granite  and  partly 
in  tbe  schist  rocks.    Fine  crystals  from  Topaz  Buttes. 

Naoyagite.— Gold  Hill.  This  mineral  is  rare,  and  its  identity  is 
scarcely  fully  established. 

•  Zeitscht.  fUr  Kryst.  und  Mln.,  P.  Groth,  vol.  II,  No.  1, 1«7. 
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Natbolite. — Golden,  Ck)lo.  Table  Moontaiii.  In  cavities  in  the 
Basalt  near  Uncompahgre  Peak. 

OB8IDLA.N.— Porphyritio,  in  a  dilce,  at  station  27  of  1873;  Bnffalo  Peak, 
Arkansas  Valley,  and  Union  Park.  Under  the  trachyte,  on  Oanni- 
son  Biver  (porpbyritic  and  sphernlitic).  A  heavy  vein  of  porpbyritic 
obsidian  occurs  near  the  Bio  Grande  Pyramid,  and  continues  from 
there  southward  in  the  tracbytic  beds.  Nodules  occur  in  the  lower 
members  of  the  tracbytic  series.  A  dike  of  obsidian,  light-gray,  clear 
sets  across  the  Colorado  Central  lode  near  Georgetown.  North  of 
Saguache  Creek  with  concentric  structure. 

Oliooolasb. — Occurs  in  many  of  the  granites  and  in  the  volcanic 
rocks  of  Colorado.    Good  crystals  are  rare. 

OLivmE. — Transparent,  green  in  the  basalts  of  San  Luis  Valley. 

Onyx,— iSee  Quartz. 

Opal. — Aguas  Calientes,  Gilson  Gulch  ;  Idaho  Springs,  here  the  Opal 
occurs  in  narrow  seams  in  the  granite ;  mostly  it  is  brownish ;  milk- 
white  at  Colorado  Springs. 

Semi-opal, —  Found  together  with  the  Chalcedonies    at  the  Los 
Pinos  agency.    North  of  Saguache  Creek  in  trachyte. 

Wood  opal, — On  Cherry  Creek,  near  Florissant,  South  Park. 
Hyalite. — In  the  trachytes,  near  the  Los  Piilos  agency.    At  the 
Hot    Sulphur    Springs,    Middle    Park.     Basalt    of    North    Mam. 
Sometimes  occurring  in  very  fine  specimens  in  the  trachorheites 
of  the  Uncompahgre  groups. 

Obthoglase. — Occurs  in  very  fine,  though  small  crystals,  on  Bobtail 
and  Gregory  Hills  at  Central.  Crystals  there  are  either  simple  or 
Carlsbad  twins.  It  is  found  in  very  large  pieces  in  some  of  the 
coarse-grained  granites.  Near  Mount  Ouray  this  is  particularly  the 
case.  Large  tablets  of  flesh-colored  orthoclase  can  there  be  found. 
Crystals  of  large  size,  simple  and  twins,  occur  in  the  porpbyritic 
dikes  at  Gold  Hill,  Boulder  County,  at  the  head  of  Chalk  Creek, 
interlaminated  with  oligoclase  in  the  porpbyritic  protoginyte. 
Crystallized  in  Jefierson  County ;  greenish  in  South  Park,  west  of 
Pikers  Peak;  reddish  on  Elk  Creek;  brown  and  gray  at  various 
localities  near  Central  City.  Beautiful,  green  crystals  of  orthoclase 
are  found  on  Bear  Creek,  near  Pike's  Peak,  associated  with  smoky 
quartz.  An  analysis  by  Dr.  Oscar  Loew*  of  this  orthoclase  furnishes 
the  following  result: 

(1)  (2) 

Silicic  acid 67.01  63.12 

Alamina 19.94  19.78 

Protoxide  of  iron 0.89  1.51 

Soda 3.15  2.11 

Potaasa 8.84  12.57 

Lime trace.  0.66 

Magnesia trace.  0.13 

99.83       99.88 

The  coloring  of  this  orthoclase,  therefore,  is  due  to  a  small  percentage 
of  protoxide  of  iron. 

Dr.    G.    A.    Koenigt  regards  the   coloring-matter  of   this    green 
orthoclase    as   dependent    uiK)n  a  ferric   compound,    probably  an 
**  organic  salt." 
OzocEBiTEf — From  head  Cherry  Greek. 

"Add.  Rep.  Expl.  and  Snrv.  Weet  100th  Mer.,  App.  L.  L.,  1875,  p.  111. 
t  Proc  Ac.  Nat.  Sci.,  Phil.,  Part  II,  1876,  p.  155. 
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Pabqasite. — Small  particles  in  qaartz.    In  a  dike  north  of  Centre- 

ville. 
Pegmatite. — At   several  localities  in  the  vicinity  of  Oeorgetown. 

Bear  Creek  and  Gold  Hill,  in  Boulder  County.    Monnt  Ouray. 
Petboleum. — From  the  oil-wells  in  Oil  Creek  Cafion,  to  the  east  of 

Canyon  City.    Smoky  Creek,  10  miles  south  of  Oolden. 
Petzite. — In  tbe  gold  mines  of  Gold  Hill^  occurring  in  narrow  seams 

and  veins.    This  mineral  occurs  also  in  the  otber  telluiide  districts. 

Keported  from  Lake  district.    An  anlaysis  published  by  G«nth*  fur- 
nishes the  subjoined  result : 

Peroeni. 

Quartz 0.e2 

Gold 24.10 

Silver 40.73 

Copper trace 

Bismath 0.41 

Lead 0.26 

Zinc 0.05 

Iron 0.78 

Tellarium 33.49 

100.44 

Phloqopite. — Mount  Princeton ;  probably  a  number  of  the  small|  splen- 
dent brown  crystals  in  granites  are  phlogopite. 

Piokebingite. — This  mineral  was  found  by  Dr.  .John  Le  Conte  near 
Monument  Park.  It  is  crystallized  in  thin  needles.  An  analysis  fur- 
nished E.  Goldsmith  the  following  result  :t 

Percent. 

SiOa 3a  69 

AlaOs 11.90 

MrO 4.89 

(KaaONaiO> 0.68 

Sand 1.90 

By  diflf.  HaO 41.94 

100.00 

Pitchblende.— iSee  Uraninite. 

Plumbogummite. — ^On  lead  and  copper  minerals  of  the  Dallas  lode  near 
Black  Hawk. 

Poltbasite. — In  tabular  crystals  at  tbe  Terrible  mine,  near  George- 
town, Clear  Creek  County. 

Prask. — See  Quartz. 

Pbehnite. — Fair  Play,  in  some  of  the  mines. 

Proustite. — Occurring  in  the  Brown  lode,  intermixed  with  galenite. 

Pseudomalachite. — Little  Platte  River,  south  of  Fair  Play. 

Psilomelane. — Seaton  Mine,  Idaho ;  occurs  in  small  quantities. 

Pyrargyrite. — In  the  Colonido  Central,  Terrible,  International,  Cold 
Stream  mines,  at  Georgetown,  associated  with  galenite,  fahlerz,  and 
sphalerite.  In  the  Brown  lode  with  galenite ;  Argentine,  Georgetown ; 
in  many  of  the  Georgetown  silver  mines ;  in  the  mines  near  Fair  Play ; 
in  the  mines  of  the  San  Juan  district.  Fine  crystals  occur  in  the 
Wheel  of  Fortune  lode,  Mount  Sneffels  district,  San  Juan. 

Pyrite.— Pyrite  is  one  of  the  most  widely-distributed  minerals  of  the 
State.  It  is  found  in  all  the  mines  of  Gilpin  County.  It  occurs  in 
the  Empire  mining  district,  in  the  Gold  Hill  mines ;  in  the  Trinidad 
gold  mining  district;  in  the  Summit  district;  in  the  San  Juan  and 
Lake  districts  ;  in  Summit  district ;  in  the  mining  districts  of  South 

"  •  Proc.  Am.  Phil.  Soc,  Phil.,  Vol.  XIV,  p.  227, 1876. 

t  Proc.  Am.  Nat.  Sci.,  Phil.,  Part  III,  1876,  p.  333. 
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and  North  ParkR.  Mostly  it  is  aariferons  and  associated  with  chalco- 
pyrite.  Foand  both  massive  and  crystallized.  Massivein  the  Leavitt, 
Briggs,  E^ansas,  Bobtail,  and  other  mines^  near  Central.  Large  bodies 
of  it  occur  in  the  Mammoth,  Gannell,  Grand  Army,  and  other  lodes 
near  Central.  Cubes  in  combination  with  the  ))entagonal  dodecahe- 
dron are  found  in  the  Winnebago,  Mack,  Dallas,  Kansas,  Grand  Army, 
Gnunell,  and  other  mines  at  Central.  Crystallized  and  massive  in  tbe 
mines  of  Silver  Hills,  Buckskin,  Idaho ;  in  the  Tenth  Legion  mine  at 
Empire ;  in  the  Elk  Mountain  district.  Cubes  are  found  in  the  Gran- 
ite of  the  Mount  Princeton  group,  on  Eagle  River  in  the  mines  of 
Summit  district.  Cubes  of  four  to  five  inches  edge  in  the  Phillips 
mine.  Cubes  and  octahedra,  simple  and  in  combination  in  the  San 
Juan  district.  Pentagonal  dodecahedra  in  the  Bobtail  and  Briggs  at 
Central.  Octahedra  at  the  head  of  the  Uncompahgre.  Octahedra  on 
Anthracite  Creek. 

Radiated pyrite  (possibly  Markasite). — Smoky  Hill  Elver ;  Purgatory, 
Apishpa  Creek. 
Ptbolusite. — Massive  at  Buckskin  and  in  Silver  Hills.    Eureka  Gulch 

near  Howardsville,  San  Juan. 
PYBOMOEPniTE.— Freeland  lode,  Trail  Creek. 

Pteoxene. — Near  Fair  Play.    In  a  number  of  localities  in  younger 
volcanic  and  metamorphic  rocks.    Crystals  in  the  basalts  of  Southern 
San  Luis  Valley. 
Pybbhotite. — Malachite  lode,  Jefferson   County.    Nevada  district, 

Gilpin  County. 
Quartz. — Occurs  massive  in  some  of  the  very  coarse-grained  granites. 
Many  of  the  quartz-veins  are  almost  or  totally  devoid  of  ore,  in  which 
case  the  quartz  is  generally  milk-white  and  ])ure. 

Crystals^  very  pretty  quartz  crystals,  small ;  occur  on  Quartz  Hill 
near  Central.  The  Bobtail,  Gunnell,  Briggs,  and  other  mines  near 
Central  furnish  good,  small  crystals.  In  the  Koaita  lodes  and  in  some 
of  the  mines  of  Georgetown.  On  East  Kiver ;  in  the  mines  of  the  Elk 
mountain  district;  Iowa  Gulch;  Sopris  Peak;  head  of  Anthracite 
Creek.  Good  crystals  with  many  combinations  of  the  pyramidal  faces 
are  found  on  Topaz  Butte.  Dihexahedral  crystals  oe^cur  in  the  por- 
phyry of  the  Sangre  de  Cristo  range  and  in  the  rhyolite  near  Uncom- 
pahgre Peak.    At  Spanish  Peaks. 

Smoky  quarts — ^The  locality  on  Bear  Creek  near  Pike's  Peak  has 
become  well  known  on  account  of  its  smoky  quartz  crystals  associated 
with  green  orthoclase.  Large  crystals,  reaching  over  a  foot  in  length, 
are  there  found,  in  cavities  of  the  granite.  Crystals  are  also  found 
on  Elk  Creek  and  on  the  Upper  Platte. 

Bofty  quartz. — Occurs  at  many  localities  in  Colorado,  in  the  granites. 
Good  specimens  can  be  obtained  from  the  head  of  Bearing  Fork. 
Found,  also,  near  Clear  Creek,  and  on  Bear  Creek. 
Amethyst. — Small  crystals  at  Nevada  and  neighboring  localities; 
on  Bock  Creek ;  Clear  Creek  County ;  on  the  summit  of  the  range 
east  of  the  Animas. 
Agate. — Fine  specimens,  lined  with  amethyst,  on  the  summit  of  the 
range  east  of  the  Animas.    Cloudy,  of  white  and  gray  color,  in 
the  lower  trachytic  formations  of  the  Uncompahgre  group;  in 
various  forms,  cloudy,  banded,  laminated,  and  variegated,  at  the 
Los  Pinos  agency.    In  South  Park,  in  the  drift;  in  the  Lower 
Arkansas  Valley;  on  the  Frying  Pan ;  throughout  Middle  Park; 
on  the  Lower  Gunnison  and  adjacent  regions. 
Moss- agate. — Below  the  Uncompahgre,  near  Grand  River. 
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Chalcedony. — Chalk  Hills,  eight  miles  south  of  Cheyenne  Monntain ; 
at  the  Los  Pinos  agency;  on  the  blnfb  near  Wagon-Wheel  Gap; 
along  the  Dpper  Bio  Grande  Valley ;  in  Middle  and  South  Parks ; 
Buffalo  Park ;  Fair  Play ;  Frying  Pan ;  Front  Creek ;  Gunnison 
Biver.  Found  frequently  in  drift  accumulations. 
Flint — Occurs  together  with  chalcedony.    Found  very  frequently 

in  the  lower  members  of  the  trachytic  series. 
Aventurine  quartz. — On  Elk  Creek. 
Chryaopase. — Bare  in  Middle  Park. 
C'arnelian, — Middle  and  South  Parks;  Los  Pinos  agency. 
Onyx, — Middle  Park. 
Sardonyx, — Middle  Park. 

Basanite. — East  of  the  salt-works  in  South  Park.    It  is  found,  to- 
gether with  flint,  in  some  of  the  trachytes. 
Prase. — Middle  Park. 

Jasper. — Green  and  red,  station  33  of  1873.    Yellow,  red,  brown, 
and  gray  at  the  Los  Pinos  agency.   Throughout  Middle  and  South 
Parks;  along  the  Gunnison,  Dakota  gronp,  Arkansas,  Grand, 
White,  Animas,  and  other  rivers  in  the  drift.    Occurs  also  in 
some  of  the  trachytes,  mostly  red,  brown,  and  green.    The  best 
locality  for  this  horizon  is  at  the  junction  of  Lost  Trail  Greek  and 
the  Bio  Grande. 
Siliceous  sinter. — South  Park. 
Quicksilver. — See  Mbecuby. 
Bhodoohrositb. — Sweet  Home  Mine,  Park  County,  in  very  beautiful 

specimens ;  in  the  Diadem  Mine. 
Bhodonite. — Eureka  Gulch,  near  Howardsville:  San  Juan. 
BiPiDOLiTE. — Trail  Creek,  Clear  Creek  County,  Cfolorado.    In  the  Little 

Giant  lode,  Arastra  Gulch,  and  in  the  Crystal  Lode,  Silverton. 
BoscoLiTE. — A  greenish  mineral,  intimately  associated  with  quartz, 
found  at  the  Keystone  and  Mountain  Lion  Mines,  in  Boulder  County. 
Genth  publishes  an  analysis,*  with  the  following  result : 

Peroent 

Li  Oa 57.15 

AlaOa 19.94 

V3O3 8.44 

MdO trace 

FeO 3.51 

MgO 2.87 

LisO trace 

Na,0 0,94 

K,0 8.11 

Hi!  O not  determined 

100.96 

BuTiLE. — On  the  Ute  pass,  occurring  in  quartz. 

Sanidite. — Occurs  throaghoat  the  trachorheites,  sometimes  in  very 

handsome  crystals.    Wherever  the  trachytes  have  been  reheated  the 

sanidite  is  adularizing. 
Sardonyx. — See  Quartz. 
SCHAPBACHiTE. — Occiirs  near  Georgetown. 
ScHEELiTE. — Crystals  are  reported  from  some  of  the  mines  near  Baker's 

Park. 
ScHiRMERiTE  (Endlicb).— Bed  Cloud  and  Cold  Spring  Mine,  Gold  Hill. 

Occurs  also  in  the  other  telluride  districts.    A  specimen  from  the  Bed 

Cloud  furnished,t  gold,  18.82  ;  silver,  28.60  percent.     (See  Petzite.) 

*  Zeitschr.  fiir  Kryst.  und  Miu.  P.  Groth,  vol.  ii,  No.  l,p.  11,  1877. 
t  Ki  p.  U.  8.  Geol.  Surv.,  1873,  p.  354. 
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SOHIBMEBITE  (Oeoth).— With  tellarides  at  the  Bed  Cloud  MiDe,  Oold 
Hill.    An  anidysis  by  Professor  Genth  furnished  :* 

Per  oeot.     Per  cent 

Pb 12.69  12.76 

Ag 22.82  24.76 

Bi 46.91  47.27 

Zn 0.08  0.13 

Fe 0.03  0.07 

8 ; 14.41  15.02 

96.94        100.00 

SCDBEiBEBSiTE. — Id  the  Oolorado  meteorite. 

Selenite. — See  Gypsum. 

Semiopal.— iSjc  Opal. 

Serpentine.— Small  specimens  of  serpentine  occur  in  the  metamorphic 

rocks  of  Mosco  Pass. 
SiDEBiTE.— Crystallized  in  South  Park,  Gold  Hill,  Colo.;  Veto  lode, 

Gibson  Gulch ;  Kob  Roy  lode,  Central  City.    At  the  Bosita  mines. 
Silver. — ^Native,  as  wire-silver,  at  the  Terrible,  Georgetown ;  at  the 

International,  on  Mount  McClellan ;  as  wire-silver  in  the  No-Name 

and  Caribou  mines,  at  Caribou.    In  small  nuggets  and  thin  scales 

near  Fair  Play  in  Washington  Gulch,  Homestake  lode;  Sunshine; 

Gold  Hill;   Blue  Biver,  Montezuma;  Jones  Mountain  and  Mount 

Sneffels,  San  Juan. 
Sinter  o ALGA  REOUS. — See  Tufa. 
Sinter-siliceous. — See  Quartz. 
Shitusonite.— Jones's  Mine  on  sphalerite,  near  Central,  Bunning  lode^ 

Black  Hawk. 
Soda. — Carbonate,  from  the  Hot  Springs. 

SODIUMCHLORIDE.— 5e«  HALITE. 

Soda-sulphate.— 6'ee  Glauber-salt. 

Spessartite.— iSee  Garnet. 

Sphalerite. — Occurs  in  almost  every  mine;  only  few  exceptions  take 
place.  In  the  lead-silver  mines  it  is  more  abundant  than  in  the  gold 
mines.  It  is  found  in  the  Winnebago,  dark  brown,  Dallas,  Gannell, 
J.  P.  Whitney,  Kansas,  Wood,  California,  Bunning,  Bobtail,  Briggs 
(small  quantities  in  these  two),  Monte  Cristo,  and  numerous  other 
mines  in  the  vicinity  of  Central.  The  mines  of  Georgetown  invari- 
ably  contain  it.  The  Caribou  mines  show  at  times  large  quantities  of 
the'mineral.  Mount  Princeton :  sphalerite,  containing  cadmium,  found 
in  several  mines  near  Fair  Play.  Occurs  in  nearly  all  the  mines  of 
the  San  Juan  region.  Varies  in  color  from  greenish  yellow  to  brown 
and  black.  Brilliant  crystals  are  found  in  the  Terrible  lode  at  George- 
town. 

Spinel. — Crystal  Mine,  Virginia  Canon. 

Staurolitb. — Simple  and  twin  crystals  in  the  micaceous  schists  near 
Mount  Oso,  Qnartzite  Mountains. 

Sternberoite  (iron  and  silver  sulphide). — Georgetown.    (Loew.) 

Stephanite. — Colorado  Central,  Georgetown,  Moose  Mine,  near  Fair 
Play,  Montezuma,  and  other  localities. 

Stibnite. — ^Terrible  Mine,  near  Georgetown,  Boulder  County. 

Stilbite. — Very  fine  crystals  in  cavities  of  basalt,  near  Uncompahgre 
Peak. 

•  Proo.  Phil.  Soo.  Phila.,  xiv,  p.  230. 
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Sulphur. — la  small  crystals  on  galenite  from  the  Clifton  Mine,  near 
Central ;  foand  in  Middle  Park,  Pagosa  Springs.  Sometimes  found 
in  narrow  seams  in  galenite,  the  result  of  decomposition  of  the  latter. 

Sylvanite.— In  the  Bed  Cloud  Mioe,  of  Gold  Hill,  occurring  in  foliated 
masses  and  thread-like  veins.  In  crystals  and  crystalline  masses  in 
the  Sunshine  district.  According  to  Professor  Silliman*  the  ratio  of 
gold  and  silver  for  a  specimen  from  the  Ked  Cloud,  is,  gold  1.7  to 
silver  1.0.  Professor  Oenth  publishes  an  analysis  of  syivaoite  ob- 
tained  from  the  Ked  Cloud  Mine,t  showing  the  following  composi- 
tion : 

Per  oent. 

Quartz 0.32 

Gold 24.83 

Silver 13.05 

Copper 0.23 

Zinc 0.45 

Iron 3.28 

Tellariam 56.31 

Selenium trace. 

Sulphar 1.82 

100.29 

Talc. — ^In  fine  scales  among  the  gangue-rock  of  the  Bobtail  and  Kan- 
sas, near  Central.  In  light  pink  scales  in  the  Silver  Hills  and  Barton 
mines,  Hardscrabble  district.    In  Mosco  Pass. 

Tellubite. — A  new  species  described  by  Dr.  Oenth.f  It  is  the  result 
of  decomposition  of  tellurium  and  sellurides.  Its  formula  is  Te  Os. 
Found  in  the  Keystone,  Smuggler,  and  John  Jay  mines  in  small 
crystals. 

Tellurium,  native. — At  the  Red  Cloud  Mine,  of  Gold  Hill,  in  crys- 
tallioe  masses,  belonging  to  the  hexagonal  system.  The  largest  spec!- 
men  known  was  obtained  by  Professor  Schirmer  from  the  Bed  Cloud 
Miue.  It  weighed  about  five  pounds,  and  consisted  in  a  mixture  of 
quartz  and  tellurium.  Upon  examination  §  it  was  found  to  contain 
90.85  per  cent,  of  tellurium,  small  quantities  of  selenium,  irou,  and 
bismuth,  and  traces  of  gold  and  silver.  Professor  Silliman||  did  not 
find  any  selenium. 
Genth  publishes  an  analysis  of  tellurium  from  the  Magnolia  dis- 
trict, Boulder  County .1] 

An 0.60 

Ag 0.07 

Te 96.91 

V2O3 0,49 

FeO 0.78 

HgAlaOgMgO  K3O,  &c 1.15 

100.00 

Tennantite. — Crystals  in  Buckskin  Gulch ;  Geneva  district ;   Park 

County.    Freeland  Mine,  Clear  Creek  County. 
Tetrahedrite. — Crystals  in  Buckskin  Gulch.     Fine  crystals  in  the 

Clifton  lode,  Central  City.    Crystals  in  the  Colorado  Chieftain  lode, 

San  Juan  district.    Massive  in  a  number  of  the  San  Juan  silver- 

miues. 

•  Rep.  U.  S.  Geol.  Siirv.,  1873,  p.  690. 

tProc.  Am.  Phil.  Soc,  Philadelphia,  vol.  xiv,  p.  288,  1876. 

IZeitschr.  fiir  Kryst.  nnd  Miiu  P.  Groth,  vol.  ii,  No.  1,  p.  7, 1877. 

$  Compare  Rep.  U.  S.  Geol.  Surv.,  1H73,  p.  355. 

II  Ibid.,  p.  6t<5,  ami  Am.  Jour.  Sci.  xlii,  p.  571. 

ilZeitochr.  fiir  Kryst.  und  Miu.    P.  Groth,  vol.  ii.  No.  1,  1877. 
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TOBBSBNITB.— (Ubanite.)  Foand  by  Oaptain  Berthoad  od  Lyden 
Creek.*  Probably  mostly  decomposed.  Foand  on  Griffith  Moautaio, 
Clear  Creek  Goanty. 

TouBHALiNE. — In  the  qaartz  of  Ounnell  Hill,  near  Central ;  on  Ban- 
ning Hill,  at  Black  Hawk ;  on  Gay  Hill,  and  at  Nevada^  in  qnartz 
north  of  the  Arkansas  River.  Crystals  with  both  terminations  at 
Montgomery ;  on  Italston  Creek.  All  tourmaline  of  Colorado  is  either 
black  or  dark  brown. 

Tbemolite. — Smith's  Fork  of  the  Gannison  River. 

Tufa. — Calcareoas.  On  Currant  Creek  5  Roaring  Fork ;  Frying  Pan. 
At  the  mineral  springs  of  White  Barth,  Wagon- Wheel  Gap^  Pagosa, 
Animas,  and  in  Uucompahgre  Park. 

TuBQUOiSE. — Southern  Colorado.    (Doubtful.) 

TJbaconite. — Wood  lode,  Leavenworth  Gulch,  near  Nevada. 

Ubaninite. — Occurs  in  large  quantities,  massive  in  the  Wood  lode, 
Leavenworth  Gulch,  near  Nevada.  An  analysis  by  Dr.  O.  Loewt  fur- 
nishes the  following  result : 

UraDoso-aranio  acid 11.37 

Salphiclos  of  iroD  and  copper 45.81 

QaDgae  (qaartz  by  difference) 42. 82 

XJBAT900HAL0ITE. — ^Wood  lodc,  Leavcuworth  Gulch,  near  Nevada. 

Vesuvianite. — In  large  crystals  of  simple  combinations  on  Mount 
Italia.    North  of  Arkansas  liiver,  in  the  granite. 

Wayellite. — South  Table  Mountain,  at  Golden. 

WnEELEBiTE.— Described  by  Dr.  Oscar  Loew.(  This  mineral,  which 
is  qnoted  from  New  Mexico,  probably  also  occurs  in  the  coal  of  Col- 
orado. It  is  a  resin,  related  to  amber.  Its  existence  in  each  particu- 
lar instance,  however,  can  only  be  determined  by  analysis,  on  account 
of  its  physical  resemblance  to  other  resins  occurring  in  the  same  man- 
ner.   The  analysis  of  Wheelerite  by  Loew  furnishes : 

«   (1)  (2) 

For  cent.       For  cent. 

Carbon 73.07       72.87 

Hydrogen 7.95         7.88 

Oxygen 18.98        19.25 

WiLLEMiTE. — Jones's  Mine,  Central  City. 

WoLFEAMiTB. — Re|>orted  from  Southern  Colorado. 

WoLLASTONiTE. — Occurs  in  small  quantities  in  some  of  the  limestones 

near  Fair  Play. 
WuLFENiTE. — Is  found  in  Park  County ;  at  Gold  Hill,  Boulder  County. 
Xenotimite. — Reported  from  Cheyenne  Mountain. 
ZiNCiTE.— Jones's  Mine,  Central  City. 
ZiBCON. — Bear  River;  Middle  Park.    In  small  crystals.     Crystals  of 

zircon  are  found  in  the  feldspar  of  Pike's  Peak.    Dr.  G.  A.  Koenig§ 

has  furnished  the  following  analysis: 

For  cent. 

Si02 28.00 

MgO 8.93 

(Fe»03)ZrOa 60.00 

H2O 3.47 

100. 40 

•  Proc.  Ac.  Nat.  Sci.  Phil.,  Part  II,  1875,  p.  363. 
t  Rep.  Expl.  and  Snrv.  West  100th  Mer.,  vol.  Hi,  p.  a36. 

t  Rep.  Expl.  and  Sorv.    West  100th  Merid.,  vol.  ill,  p.  630,  and  Am.  Jonr.  Soi.,  voL 
xlii,  p.  571. 

4  Proc.  Ao.  Nat.  Sci.  Phil.;  Part  U,  1876,  p.  156. 
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Zircon  has  also  been  foand  in  qaartz  ia  El  Paso  Goanty.    An  analy- 
sis farnisbed  Dr.  Koenig  the  following  result:* 

Percent. 

SiOa 29.70 

ZrOa 60.98 

Fe^Oj 9.20 

MgO 0.30 

100.18 

ZiNKENiTE. — Sweet  Home  Mine,  small  crystals. 
ZiPPEiTE. — Wood  lode,  Leavenworth  Oulch,  near  Nevada. 


• 


Ibid.,  Part  1, 1877,  p.  9. 
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SYSTEMATIC  ARRANGEMENT  OF  COLORADO  MIN- 
ERALS* 


Gold  (1). 
Silver  (2). 
Quicksilver  (8). 
Amalgam  (9). 
Copper  (12). 
Iron  (13). 

11.  SULPHIDS, 


I.  NATIVE  ELEMENTS. 


Lead  (15). 
Antimony  (18). 
Bismuth  (20). 
Tellurium  (21). 
Sulphur  (22). 
Graphite  (25). 


TELLURIDS,    SBLBNIDS,   ABSENIDS,   ANTL 
MONIDS,  BISMDTHIDS. 


Stibnite  (29). 
Bismathiuite  (30). 
Molybdenite  (34). 
Dyscrasite  (35). 
Schapbachite  (36  A). 
Argentite  (40). 
Galenite  (44). 
Alta'i'te  (48). 
Bornite  (49). 
Alabandite  (52). 
Sphalerite  (56). 
Hessite  (58). 
Chalcocite  (61). 
Stembergite  (63). 


Zinkenite  (106). 
Jamesonite  (112). 
Schirmerite  (112  A). 
Freieslebenite  (114). 
I^yrargyrite  (117). 
Froustite  (118). 


A.  SDCPLB   SULPHIDS,  &0. 


Pyrrhotlte  (68). 
Greenockite  (69.) 
Schreibersite  (74). 
Pyrite  (75). 
Ohalcopyrite  (78). 
Ohloanthite  (83.) 
Marcasite  (90). 
Leucopyrite  (91). 
Arsenopyrite  (94). 
Sylvanite  (98). 
Oalaverite. 
Nagyagite  (99). 
Covellite  (100). 


B.  DOUBLE  SULPHIDSy  &0. 

Bournonite  (119). 
Tetrahedrite  (124). 
Tennantite  (127). 
Stephanite  (130). 
Polybasite  (131). 
Enargite  (132). 


III.  COMPOUNDS  OP  CHLORINE,  BROMINE,  IODINE. 


Halite  (138). 
Cerargyrite  (140). 
Embolite  (141). 


lodyrite  (143). 
Carnallite  (147). 
Atacamite  (153). 


*  Tbe  classification  herein  adopted  is  that  given  by  Dana  in  his  *'  System  of  Miner- 
alogy .'^  The  numbers  placed  in  parentheses  after  the  mineral-names,  correspond  to 
the  numbers  given  by  Dana. 
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IV.  FLUORINE  COMPOUNDS. 


Flaorite  (159).    (Ohlorophanite). 


V.  OXYGEN  COMPOUNDS. 


A.  OXTDS. 


1.  Oxyds  of  elements  of  series  L 


A,  Anhydroui. 


Cuprite  (172). 
Zincite  (176). 
Melaconite  (178). 
Hematite  (180). 
Iserite  (181  A). 
Spinel  (183). 
Magnetite  (186). 


Goethite  (204). 
Limonite  (206). 


Frauklinite  (188). 
Ohromite  (189). 
Uraninite  (190). 
Batile  (193). 
Minium  (197). 
Pyrolusite  (199). 


JS.  Hydrous. 


Bracite  (210). 
Psilomelane  (217). 


2.  Oxyds  of  elements  of  series  II. 
Molybdite  (224). 

3.  Oxyds  of  carbon-silicon  gronp. 

Quartz  (231).  |  Opal  (232). 

A.  TEENABY  OXYGEN  COMPOUNDS. 
1.  SILICATES. 


A.  Anhydrous, 


Hypersthene  (235). 
Wollastouite  (237). 
Pyroxene  (238). 
Rhodonite  (241). 
Anthophyllite  (246). 
Amphibolite  (247). 
Arfvedsonite  (248). 
Beryl  (254). 
Chrysolite  (259). 
Willemite  (266.) 
Garnet  (271). 
Zircon  (272). 
Vesuvianite  (273). 
Epidote  (276). 


Phlogopite  (288). 
Biotite  (289). 
Astrophyllite  (292). 
Muscovite  (293). 
Lepidolite  (294). 
Leucite  (309). 
Labradorite  (311). 
Andesite  (312). 
Oligoclase  (314). 
Albite  (315). 
Orthoclase  (316). 
Tourmaline  (320). 
Staurolite  (333). 


J5.  Hydrous, 


Chrysocolla  (346). 
Calamine  (361). 
Prehnite  (363). 


Apopbyllite  (370). 
Allophanite  (374). 
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li^atTolito  (378). 
Mesolite  (381). 
Analcite  (383). 


Talc  (399). 
BerpeDtine  (411). 

Colambite  (474.) 


Xenotimite  (490). 
Apatite  (492). 


Zeolite  section. 

Chabazite  (386). 
Stilbite  (392). 
Heulandite  (394). 

Margarqphyllite  section. 

Gaolinite  (419). 
Bipidolite  (450). 

2.  GOLUMBATES. 

3.  PHOSPHATES. 

A.  Anhydrous. 

Pjromorpbite  (493). 


B.  Hydrous. 

Tarqaoise  (563). 
Torbernite  (572). 


Pseadomalacbite  (543). 
Wavellite  (554). 
Plambogummite  (556). 

4.  TUNOSTATES  AND  MOLYBDATES. 


Wolframite  (610). 
Scheelite  (G14). 


Barite  (630). 
Anhydrite  (632). 
Auglesite  (033). 


Gypsam  (654). 
Mclanterite  (664). 
Goslarite  (666). 
Ghalcanthite  (669). 
Kalinite  (674). 
Pickeriugite  (678). 


Caldte  (715). 
Dolomite  (716). 
Magnesite  (718). 
Mesitite  (719). 
Siderite  (721). 


Trona  (738). 
Malachite  (751). 


Wulfenite  (617), 


5.  SX7LPHATES. 

A.  Anhydrous. 

Galedonite  (636). 
Glauberite  (640). 
Lanarkite  (641). 

B.  Hydrous. 

Alnminite  (688). 
Jarosite  (691). 
Glockerite  (696). 
Oranochalcite  (706). 
Zippeite  (708). 
JJraconite  (710). 

6.  CARBONATES. 

A.  Anhydrous. 

Bhodochrosite  (722). 
Smithsonite  (723). 
Aragonite  (724). 
Cerussite  (729). 

B.  Hydrous. 

Azurite  (752). 
Bismatite  (753). 


VL  HYDROOARBON  COMPOUNDS. 


Ozocerite  (780). 
Sacciuite  (799). 


Asphaltam  (830). 
Mineral  coal  (831). 
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REPORT  OF  A.  C.  PEALE,  M.  D.,  GEOLOGIST  OF  THE  GRAND 

RIVER  DIVISION,  1876. 


LETTER  OF  TRANSMITTAL. 

Washington,  D.  C,  December  28, 1877. 

Sib:  I  have  tbo  honor  herewith  to  hand  you  my  report  as  geologist 
of  the  Grand  River  division  for  the  season  of  1876. 

The  division  was  in  the  field  just  two  months,  of  which  thirty-two 
days  were  occupied  in  the  work.  During  this  time  the  area  actually  ex- 
amined so  that  its  general  geology  can  l^  mapped  is  about  4,000  square 
miles. 

The  district  assigned  us  consists  of  two  widely  separated  areas,  par- 
tially reported  on  in  previous  reports.  Both  are  remote  from  settle- 
ments, and  hence  almost  half  the  time  the  civision  was  in  the  field  was 
necessarily  o(;cupied  in  marching  to  and  from  the  areas. 

In  the  geological  investigation  of  these  detached  areas  (which  in  the 
report  are  designated  as  areas  A  and  B)  difScnlty  was  experienced  from 
the  limited  amount  of  time,  owing  to  the  lateness  of  the  season.  Owing 
to  this  canse  also  another  difficulty  was  met  with,  the  lack  of  water. 
Both  areas  are  desert-like,  even  at  the  best,  and  it  is  utterly  impossible 
to  study  them  in  detail  nnless  the  work  be  undertaken  in  the  spring  and 
early  summer,  when  the  streams  contain  water. 

Fortunately,  however,  the  geological  structure  was  found  to  be  com- 
paratively simple,  as  the  sketches  accompanying  the  report  show.  Had 
it  been  otherwise,  the  character  of  the  country,  and  the  rapidity  with 
which  we  were  obliged  to  travel  over  it  would  have  precluded  the  pos- 
sibility of  coloring  the  map. 

In  the  rei)ort  I  have  followed  my  usual  plan,  considering  first  the 
general  features,  and  afterward  the  special  geological  facts  relating  to 
the  district.  The  geological  map  and  general  sections  for  the  Atlas  of 
Colorado  have  been  prepared. 

For  the  illustrations  accompanying  the  report  I  am  indebted  to  Mr. 
W.  H.  Holmes  and  Mr.  F.  D.  Owen.  The  profiles  of  the  sections  are 
based  on  the  topographical  work  of  Mr.  Henry  Gannett,  to  whom  also 
I  am  indebted  for  the  accompanying  maps. 

With  great  respect,  1  have  the  honor  to  remain  your  obedient  servant, 

A.  0.  PEALE. 

Dr.  F.  V.  Hayden, 

United  States  Geologist^  in  charge. 
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GEOLOGICAL  REPORT  ON  THE  GRAND  RIVER  DISTRICT. 


CHAPTER    I. 


GENERAL  INTRODU0TIO2T. 

The  area  assigned  to  the  Grand  Biver  Division  for  1876  was  divided 
into  two  parts.  First  was  a  district  of  about  1,000  square  miles  south 
of  the  Sierra  la  Sal,  between  the  Dolores  and  San  Miguel  Rivers,  and 
extending  south  as  far  as  the  parallel  ofSS^.  The  larger  portion  of  t&e 
area,  consisting  of  about  3,000  square  miles,  lies  north  of  Grand  River, 
extending  from  the  river  as  a  southern  line,  northward  to  the  parallel  of 
390  30^,  bounded  on  the  east  by  the  meridian  of '108<^,  and  on  the  west 
by  1090  30^. 

Sedimentary  formations  prevail  in  both  districts.  The  area  (area  A) 
south  of  the  Sierra  la  Sal  is  the  portion  not  completed  in  lb75,  on  ac- 
count of  the  difficulty  with  the  Indians,  and  it  is  the  area  first  worked  in 
1876,  nine  days  beuig  devoted  to  it.  A  general  view  (Fig.  1,  Plate  X), 
obtained  from  the  summit  of  Lone  Gone,  shows  it  to  be  plat/eau-like  in 
general,  cut  by  deep  gorges  or  caiions  toward  the  east,  and  rendered 
somewhat  irregular  toward  the  west  by  several  broad  folds.  Near 
Lone  Gone  Mountain  the  country  is  somewhat  hilly,  and  in  places  mesa- 
like. Here  the  Cretaceous  shales  (Middle  Gretaceous)  are  seen  resting 
on  the  Dakota  group,  which  in  general  forms  the  floor  of  the  plateau. 
The  streams  cut  through  the  Dakota  group  exi)osing  the  Jurassic  shales, 
especially  toward  the  north,  and  as  we  follow  the  streams  we  And  them 
catting  deeper  and  deeper,  until  the  Red  Beds  (Trias f)  appear  beneath 
the  Jurassic.  West  of  the  San  Miguel  Plateau,  beyond  Naturita  Greek, 
the  Dakota  sandstones  rise  in  a  fold,  the  axis  of  which  is  northwest 
and  southeast.  Toward  the  northwest  this  fold  is  marked  by  the  Par- 
adox Valley,  which  appears  to  occupy  its  axis.  Beyond  Paradox  Val- 
ley is  the  Basin  Plateau.  This  is  a  gentle  synclinal  basin ;  for  the 
strata  on  the  west  side  of  Paradox  Valley  dip  gently  to  the  southwest 
and,  beyond  the  centre  of  the  basin,  rise  again  gently  to  the  edge  of 
the  bluffs  forming  the  eastern  or  northeastern  wall  of  Gypsum  Valley, 
which  is  similar  to  Paradox  Valley.  Between  Gypsum  Valley  and  the 
Dolores  River  is  another  synclinal  basin,  the  sides  of  which  dip  south- 
west and  northeast.  At  the  northwestern  end  there  is  a  dip  to  the 
southeast,  which  gives  a  saucer-like  8hai>o  to  the  valley.  From  this 
fact  we  called  it  Saucer  Valley.  Around  the  northwestern  end  or  rim 
of  this  valley  the  Dolores  flows  in  a  canon,  emerging  from  it  into  Gyp- 
sum Valley.  Southwest  of  the  Dolores  the  country  rises  into  the  north- 
ern border  of  the  Sage  Plain.  In  working  up  this  area  we  took  the 
following  routes:  From  the  crossing  of  the  Snn  Miguel  we  travelled 
northwestwardly  along  !Naturita  Creek,  reaching  the  San  Miguel  again 
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below  the  great  bend,  and  juAt  above  tbe  point  where  it  turns  again  to 
the  northwest.  From  this  bend  we  crossed  to  the  head  of  Parados 
Valle.v,  down  which  wo  followed  a  few  miles ;  thence  we  travelled  soath- 
wanl  across  the  Basin  Plateau,  and  a  little  southwest  across  Oypsum 
Viillev  and  Saucer  Valley  to  the  Dolores.  Returning,  wo  crossed  the 
head  of  Gy|)sum  Valley,  and,  skirting  the  country  near  the  northern 
slopes  of  Lone  Cone,  turned  north  to  the  crossing  of  the  San  Miguel, 
having  completed  the  circuit  of  the  area. 

Four  days'  travel  from  the  Uucompahgre  Indian  agency,  on  the  Un- 
compahgre  River,  brought  us  into  our  northern  district  (area  B).  The 
southern  line  of  this  area  is  Grand  River,  which,  after  it  is  joined  by  the 
Gunnison,  curves  around  the  northern  end  of  the  Uucompahgre  Plateau, 
flowing  at  first  northwest  and  afterward  southwest.  In  this  area  the 
geological  formations  extend  uninterruptedly  Irom  the  Red  Beds  (Trias  t) 
exposed  on  the  Grand,  to  the  Tertiary  strata  outcropping  at  the  summit 
of  the  "Roan^  or  "Book  Cliffs.'' 

Grand  River  is,  for  the  most  part,  in  a  low  caiion  in  the  Bed  Beds. 
On  the  north  side,  the  Dakota  sandstones,  with  the  underlying  shales  form 
low  hogbacks,  dipping  away  from  the  river  t/oward  the  cliffs.  Between 
the  crest  of  the  hogbacks  and  the  foot  of  the  cliffs  is  a  broad  valley, 
formed  by  the  erosion  of  the  soft  shales  of  the  Middle  Cretaceous.  These 
shales  extend  to  the  base  of  the  cliffs,  and  in  some  places  form  their 
lower  portion.  The  cliffs  rise  in  steps  to  the  summit,  which  has  an  ele- 
vation of  8,900  to  9,000,  rising  about  4,000  feet  above  the  level  of  Grand 
River.  The  summit  of  the  cliffs  is  the  southern  edge  of  a  plateau,  sloii- 
iug  northward  to  White  River  (Dr.  Endlich's  district).  The  strata  iu 
the  cliffs  are  Tertiary  sandstones  and  shales,  through  which  the  streams 
flowing  to  White  River  i-arely  cut  dee|)  enough  to  expose  the  Cretaceous. 

Our  line  of  travel  through  this  district  was  as  follows: 

Crossing  the  Grand  on  the  wagon-ford  above  the  mouth  of  the  Gun- 
nison, we  followed  the  road  (which  keeps  on  the  north  side  of  the  river) 
nearly  to  the  mouth  of  the  Dolores.  We  then  crossed  the  Grand  River 
Valley  to  where  Desert  Creek  emerges  from  the  clift's.  From  this  point 
we  followed  the  Indian  trail,  which  leads  up  the  western  branch,  to  the 
summit  of  the  cliffs.  We  then  turned  eastward  on  the  trail,  which  fol- 
lows the  crest  of  the  divide  between  the  Grand  River  and  White  River 
drainage,  leaving  it  at  the  head  of  Roan  Creek.  This  latter  stream  was 
lollowed  to  tbe  Grand,  up  which  we  travelled  to  Cactus  Valley. 

With  this  our  work  ended,  the  northern  portion  having  taken  twenty- 
three  days  to  complete.  The  area  included  is  about  3,000  square  miles, 
while  area  A  included  only  about  1,000  square  miles. 

From  Cactus  Valley  we  proceeded  to  Rawlins  Springs,  on  the  Union 
Pacific  Railroad,  via  the  White  River  Indian  agency. 

We  reached  Rawlins  on  October  23,  having  been  in  the  field  jnat  two 
months,  nearly  half  the  time  being  occupied  in  marching  to  and  from 
and  between  our  districts,  on  account  of  their  remoteness  from  settle- 
ments. 
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CHAPTER    II. 


A— SAN  MIGUEL  AND  DOLORES  RIVERS— SAUCER 
lLLBY— GYPSUM  VALLEY— BASIN  PLATEAU— PARA- 
>X  VALLEY- SAN  MIGUEL  PLATEAU. 

A  includes  about  1,000  squiire  miles,  lyiug  between  tbe  San 
and  Dolores  Rivers,  and  bounded  on  the  south  by  the  parallel 
>    (See  map,  plate  Vlll.) 

DRAINAGE. 

drainage  of  the  area  is  by  branches  of  the  San  Miguel  and  Dolores. 

ger  streams  head  in  the  Lone  Cone  group  of  mountains.    The 

direction  is  toward  the  northwest,  and  the  changes  in  course  are 

abnipt,  many  of  the  streams  changing  at  right  angles  to  their 

coarses.    This  gives  a  zigzag  appearance  to  the  drainage.    The 

neral  courses  followed  are  northwest  and  northeast. 

RIO  SAN  MIGUEL. 

he  Bio  San  Miguel  was  partially  described  in  the  Report  for  1875, 
^Httle  need  be  added  here,  except  what  is  necessary  to  make  the  de- 
pAion  of  the  area  complete.  The  river  forms  the  eastern  and  a  por- 
!M  the  northern  boundary  of  the  area.  Where  the  Indian  trail  from 
lehe  Greek  crosses  the  river,  the  caiion  is  800  feet  in  depth.  The 
rive  sandstones  of  the  Upper  Dakota  group  (Cretaceous)  form  the 
0f  the  caiion  wall.  The  more  shaly  beds  of  the  Lower  Dakota  group 
ttposed  in  places  below,  but  are  generally  concealed  by  the  dibriSy 
di  is  overgrown  with  pines  and  cedars.  Whether  there  are  any 
IMic  layers  outcropping  ic  is  impossible  to  say  positively.  Lower 
b  CD  the  river  they  undoubtedly  occur.  The  river-bottom  is  very 
I9W,  and  in  some  places  must  disappear.  There  are  cottonwoods 
ndus  hoUamifera)  and  the  growth  of  shrubbery  common  along  the 
Hem  streams.  The  river  is  rapid,  flowing  over  a  rocky  bottom. 
lom  the  crossing  it  keeps  an  almost  northerly  course  to  the  month 
jpiache  Creek,  which  comes  in  from  the  east.  It  then  flows  north- 
ifor  three  or  four  miles,  when  it  turns  to  westward,  keeping  this  course 
itiboot  seven  miles.    Tlie  next  direction  assumed  is  parallel  to  that  of 

r^ams  rising  in  the  crest  of  the  Uncompahgre  Plateau,  viz.,  south- 
In  this  portion  of  its  course  the  river  emerges  from  its  narrow 
and  flows  through  alluvial  bottoms  of  considerable  width — the 
on  either  side  not  being  over  400  feet  in  height— composed  of  the 
sandstones,  with  cappings  of  the  shales  of  the  Middle  Creta- 
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ot  a  mile  and  a  half  below  the  mouth  of  Naturita  Creek  the  San 
il  tarns  to  the  northwest  and  flows  in  caiion  to  its  mouth.  The 
at  tbe  head  is  400  feet  deep,  and  at  the  mouth  1,000  feet  or  more. 
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The  rocks  at  first  arc  the  Dakota  sandstones,  which  are  rapidly  cot 
throngb,  Jura  and  Trias  showing  a  short  distance  below  Natorita 
Creek. 

Naturita  Creek  rises  on  the  northern  and  northwestern  slopes  of  Lone 
Cone.  The  varions  small  streams  unite  to  form  two  branches,  which 
soon  join,  and  the  stream  thus  formed  fiovTs  nearly  due  north  for  about 
eight  miles,  when  it  turns  nearly  west,  gradually  turning  to  a  north- 
west course. 

The  sources  are  in  a  beautiful  park-like  country  underlaid  with  the 
Middle  Cretaceous  shales,  which  are  soon  cut  through,  exposing  the  Da- 
kota group,  the  sandstones  of  which  form  the  caiion  walls  to  the  mouth. 
The  canon  becomes  shallower  as  we  go  down  the  stream.  Southwest  of 
Station  4  it  is  about  500  feet  deep,  and  at  the  mouth  only  some  200 
to  300  feet.  There  is  a  narrow  valley  bordering  the  stream  in  this 
lower  |>ortion  of  its  course.  Tbere  is  running  water  in  it,  probably, 
throughout  the  entire  year.  Below  the  bend  are  two  unimportant 
branches  that  rise  in  the  low  divide  sepaniting  Naturita  Creek  from  Basin 
Creek.  The  creek  was  named  trom  tbe  abundance  of  the  Spanish 
bayonet-plants  (Yucja  angmtilolia)^  which  the  Indians  call  Naturita  (the 
Spanish  name).  Wben  we  were  in  this  region  tbe  plant  was  in  fruit, 
and  the  Utes  were  gathering  and  drying  it. 

Bamn  Creek  joins  the  San  Miguel  a  few  miles  below  the  bend  below 
Naturita  Creek.  It  rises  in  the  rolling  mesa  country  northwest  of  Lone 
Cone,  and  flows  north westwar^l  across  the  Basin  Plateau  to  within  six 
miles  of  its  mouth,  when  it  turns  abruptly  at  right  angles  and  flows 
northeast  to  the  Miguel,  cutting  across  an  anticlinal  fold  and  a  synclinal 
depression,  with  a  fault  on  the  east  side.  In  the  Basin  Plateau  the 
stream  keeps  near  the  eastern  side  of  a  synclinal  depression,  which  is 
occupied  by  tbe  Cretaceous  shales.  In  this  part  of  its  course  the  stream 
is  dry  during  tbe  summer.  Near  the  head,  i>ools  of  alkali-water  were 
found  in  September.  From  the  Basin  Plateau  it  turns  at  right  angles 
and  lounges  into  a  caiion  cutting  across  an  anticlinal  fold,  in  the  centre 
of  wbich  tbe  Bed  Beds  (Trias?)  are  exposed.  In  this  caiion  the  stream 
has  running  water,  which  sinks  again  when  it  emerges  into  the  synclinal 
valley  east  of  the  fold.  On  the  east  side  of  this  synclinal  depression  of 
Ci*etaceous  shales,  tbere  is  a  fault  with  the  down-throw  on  the  west. 
Tbis  fault  will  be  described  under  the  bead  of  Paradox  Valley.  Basin 
Creek  cuts  across  this  fault,  and  joins  tbe  San  Miguel  a  short  distance 
beyond. 

Southwest  of  Basin  Creek,  the  first  creek  of  any  importance  is  Dinap- 
pointment  Creek,  In  midsummer,  water  is  found  in  it  only  in  holes.  It 
joins  tbe  Dolores  on  the  southwest  side  of  Saucer  Valley. 

BIO  DOLORES. 

The  reports  for  1875  describe  the  upper  and  lower  parts  of  the  Dolores. 
Tbere  was  left  undescribed,  howev^er,  a  gap  of  unexplored  country 
through  which  the  Dolores  flows. 

On  the  eastern  side  of  the  Great  Sage  Pla'n  the  general  course  of  the 
Dolores  is  a  few  degrees  west  of  north.  It  zigzags  somewhat,  flowing 
sometimes  with  tbe  dip  of  the  rocks  and  at  others  with  the  strike.  It  is  in 
deep  canon  for  the  most  part  in  tbe  lied  Beds.  On  both  sides  of  the 
river  the  beds  dip  to  the  eastward  or  northeast,  and  are  capped  with 
Jurassic  (?)  shales  and  Dakota  sandstones  and  shales.  On  tbe  west  the 
country  rises  to  the  Great  Sage  Plain,  which  stretches  away  to  the 
westward  and  south  westward.    This  region  was  visited  by  Mr.  Holmes, 
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and  will  be  described  in  bis  report.  Below  the  .month  of  Disapi>oiut- 
meut  Creek  tJie  river  is  flowing  toward  the  northwest-,  but  it  soon  curves 
toward  the  north  and  east  around  the  northwestern  rim  of  Saucer  Vai- 
led, and  a  short  distance  east  of  Island  Mesa  emerges  into  the  lower 
part  of  Gypsum  Valley.  Island  Mesa  is  capped  with  Dakota  sandstones, 
a  remnant  of  the  strata  forming  most  of  the  surface  in  Saucer  Valley 
(see  map  of  area  A,  Plate  VIII). 

North  of  the  Mesa  the  river  is  seen  flowing  toward  the  west.  It 
however  soon  turns  to  the  north,  and  farther  on  curves  again  to  the 
eastward,  to  the  western  side  of  Paradox  Valley.  In  the  i)ortion  of  its 
course  just  referred  to,  the  Dolores  is  bordered  by  red  sandstones  and 
shales,  a  portion  of  which  ought  probably  be  referred  to  the  Upper 
Carboniferous.  The  canon  walls  on  both  sides  are  bluffy,  the  upper  beds 
of  the  bluffs  being  of  Jurassic  and  Lower  Cretaceous  rocks.  The  adjacent 
country  is  mesa-like,  gashed  by  streams  tributary  to  the  main  river. 
But  few  of  these  gashes  or  canons  carry  water  during  the  summer 
months. 

The  Dolores  cuts  across  Paradox  Valley  at  right  angles  to  its  direc- 
tion, and  immediately  plunges  into  the  caiiou  that  continue)3  to  its 
month.    This  portion  of  its  course  is  described  in  the  report  for  1875. 

The  folds  across  which  the  river  cuts  its  way  are  those  of  Gypsum 
Valley  and  Paradox  Valley.  Its  course  was  therefore  probably  outlined 
before  the  folding  took  place,  and  the  cutting  of  the  caiion  api)eara  to 
have  progressed  gradually  with  the  formation  of  the  present  folds. 

SAUCER  VALLEY. 

At  the  lower  end  of  the  valley  of  Disappointment  Creek  is  a  saucer- 
like ba^in  which  gives  name  to  the  valley. 

Through  the  western  rim  of  this  basin  Disappointment  Creek  cuts  its 
way  to  join  the  Dolores.  The  latter  is  in  a  monoclinal  valley  in  Jura- 
Trias  and  flows  around  the  northern  rim  of  the  basin. 

The  surface  of  Saucer  Valley  is  composed  mainly  of  Upper  Dakota 
sandstones.  Id  the  centre  are  remnants  of  the  Colorado  shales  which 
prevail  so  extensively  farther  up  stream  in  the  neighborhood  of  Lone 
Cone.  Disappointment  Creek  cuts  a  deep  gully  in  the  soft  shales.  In 
September  we  found  water  only  in  pools  in  this  gully.  The  drainage 
from  the  rim  bordering  the  Dolores  unites  in  a  stream  that  cuts  across 
the  western  rim  about  three  miles  north  of  Disappointment  Creek. 
Near  the  sources  of  these  streams  or  gullies,  where  the  dip  is  greatest, 
beds  of  Lower  Dakota  age  are  exposed.  The  eastern,  or  rather  north- 
eastern rim  (for  the  strike  is  northwest  and  southeast),  is  the  south- 
western border  of  Gypsum  Valley. 

GYPSUM  VALLEY. 

Gypsum  Valley  is  named  from  the  prevalence  of  gypsum  in  it,  espe- 
cially at  its  head.  When  first  seen,  the  valley  seemed  to  be  a  simple 
Anticlinal,  of  which  the  centre  had  been  eroded  away.  On  the  south- 
west is  a  hogback-like  ridge  400  to  500  feet  high.  The  Dakota  sand- 
Btone  form^  the  summit  and  southwestern  slope  of  this  hogback,  dip- 
ping about  150  to  the  southwest.  Beneath .  this,  aud  presenting  the 
^ges  of  the  strata  to  the  northeast,  are  the  shales  of  the  Lower  Dakota 
groap,  which  pass  below  into  the  Jurassic.  The  soft  character  of  the 
strata  has  caused  the  valley  to  become  filled  with  dibria  which  conceals 
tbo  greater  portion  of  the  underlying  strata. 
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On  the  Dorthcast  side  of  the  valley  is  another  blufif,  which  faces 
the  southwest.  This  also  is  capped  with  Dakota  sandstones,  which  dip 
IOO-I50  to  the  northeast.  The  angle  soon  decreases  and  the  beds 
form  the  floor  of  the  Basin  Plateau. 

At  Station  10  the  sandstones  are  nearly  1,400  feet  above  the  valley, 
and  below  them  the  Jurassic  shales  and  Triassic  red  sandstones  oatcrop. 
It  is  probable  that  a  portion  of  the  Upper  Carboniferous  also  Bho^s. 
Following  the  ridge  to  the  northwest  it  is  noticed  that  the  dip  toward 
the  northeast  becomes  loss,  and  the  country  is  more  mesa-like.  At  a 
point  a  little  east  of  north  from  Island  Mesa,  at  the  westward  bend  of 
the  Dolores,  on  the  north  side  (see  a  in  Fig.  1,  Plate  IX),  there  are  evi- 
dences of  an  anticlinal  fold,  the  axis  of  which  is  on  a  line  with  the  edge 
of  the  blufifs  on  which  Station  10  is  located.  At  the  station  there  is  no 
fold.  At  several  points  on  the  opposite  ridge,  however,  there  are  ob- 
scure evidences  of  a  fold,  but  the  beds  in  the  centre  of  the  valley  have 
been  completely  eroded  away.  Northeast  of  Island  Mesa  the  Jurassic 
rocks  show  the  folding  as  indicated  at  b  in  the  section.  (Fig.  1,  Plate 
IX.)  Whether  the  lower  part  of  the  valley  is  a  synclinal  or  not  in  diffi- 
cult to  determine.  I  am  inclined,  however,  to  think  not,  but  that  the 
condition  is  folding  and  faulting,  as  represented  in  the  section.  The 
eastern  fold  dies  out  to  the  southeast,  although  the  fault  continaes.  This 
also  dies  out,  or  rather  changes  to  a  fold,  lor  at  the  head  of  the  valley 
the  sandstones  of  the  Dakota  group  are  seen  curving  around  to  cou- 
r«ect  with  those  of  the  southwestern  ridge.  There  is  considerable  ob- 
scurity here,  rasulting  from  the  soft  character  of  the  strata,  owing 
largely  to  the  presence  of  gypsum. 

BASIN  PLATEAU. 

From  the  northeastern  edge  of  Gypsum  Valley  the  Dakota  sand- 
stones dip  gently  to  the  northeast,  and  become  almost  horizontal  in  the 
centre  of  Hasin  Plateau,  and  beyond  rise  in  a  low  ridge  through  which 
Basin  Creek  cuts  a  deep  canon.  The  centre  of  Basin  Plateau  is  floored 
with  the  lower  portion  of  the  Colorado  Cretaceous,  remnants  of  the 
strata  that  form  mesas  farther  south.  Toward  the  northwest  the  Da- 
kota saihlstones  form  the  surface,  extending  eastward  to  the  southwest 
<Mlge  of  Paradox  Valley.  The  ridge  through  which  Basin  Creek  cuts  its 
wuy  out  of  the  plateau  begins  in  the  southeast  as  a  very  gentle  fold.  Its 
<'.nlmination  appears  to  be  at  the  caiion  of  Basin  Creek.  (See  sections, 
plate  No.  IX.)  The  red  beds  are  exposed  in  the  centre.  The  western 
side  of  the  anticlinal  diminishes  in  inclination  as  we  trace  it  toward  the 
northwest,  where  it  forms  the  wall  of  Paradox  Valley.  The  eastern 
side  of  the  fold,  as  we  trace  it,  is  seen  curving  to  the  eastward,  forming 
the  rim  of  a  dish- like  depression.  On  the  east  side  of  this  is  a  line  of 
faulting  which  fades  out  into  a  fold  to  the  southeast.  The  axis  of  this 
fold  is  parallel  to  that  next  west,  but  the  fold  is  much  gentler,  and  soon 
dies  out  in  San  Miguel  Plateau,  The  sections  in  Plate  No.  IX  will  give 
a  clearer  idea  of  this  folding. 

PAKADOX  VALLEY. 

About  four  miles  above  the  mouth  of  the  San  Miguel  River  the  Rio 
Dolores  is  seen  cutting  its  way  from  a  broad  valley  through  a  bluff  wall' 
some  1,000  feet  in  height.    The  valley  is  about  three  miles  in  width,  and 
the  river  comes  into  it  from  a  canon  on  the  west  whieh  is  almost  as  deep 
as  the  one  by  which  it  makes  its  escape.    This  valley,  which  stretches 
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Dorthwest  and  southeast  at  right  angles  to  the  course  of  the 
has  been  named  Paradox  Valley.    The  beds  on  both  sides  of  the 

present  their  basset  edges  toward  the  axis  of  the  valley  and  dip 
'  away  from  it  to  the  southwest  and  to  the  northeast.  It  would 
r,  therefore,  to  be  a  simple  anticlinal  axis  with  the  centre  removed, 
rosiou  of  the  strata  has  greatly  obscured  the  relations  of  the  dif- 

beds.  The  blufis  on  the  southwest  are  lower  than  those  on  the 
?ast,  and  show  no  beds  lower  than  the  Jurassic  variegated  shales, 
the  opposite  ones  show  a  considerable  thickness  of  the  underlying 
ndstoues  and  shales  that  we  have  been  accustomed  to  refer  to  the 
If,  therefore,  this  valley  be  a  simple  anticlinal,  \t  must  occupy 
tion  west  of  the  axis.  I  am  inclined  to  believe  that  it — the  fold — is 
mple,  but  analogous  to  that  of  Gypsum  Valley,  t.  c,  there  is  a  fold 
i  fault  to  the  eastward,  along  the  foot  of  the  bluffs  on  that  side, 
ng  to  the  southeast  to  the  synclinal  basin  on  Basin  Creek,  we  find 
jcesof  faulting  on  a  direct  line  with  the  bluffs.  The  fault  of  the 
ude  of  Sindbad's  Valley  (see  p.  G3,  Eeport  U.  S.  Geol.  Survey  for 
is  also  on  the  same  line.  The  prevailing  formation  in  the  valley 
Trias  Y  covered  in  most  places  with  drift.  The  latter  increases 
d  the  north.  The  bluffs  on  the  northeast,  as  we  go  north,  are  in  two 
the  upper  being  of  Dakota  sandstone,  which  slopes  to  the  San 
A  River.  The  lower  step  has  Jurassic  shales  capping  the  red  sand- 
North  of  the  Dolores,  the  Red  Beds  prevail  and  Upper  Carbonif- 
beds  outcrop  at  the  base  of  the  cliffs.  Owing  to  the  limited  time, 
ortiou  of  the  valley  was  not  visited. 

SAN  MIGUEL  PLATEAU. 

I  San  Miguel  Plateau  calls  simply  for  a  mention  here,  as  the  re- 
fer 1876  refer  to  it  so  frequently.  We  crossed  it  on  the  trail  that 
from  the  Uncompahgre  agency  to  the  Navajo  Indian  country. 
)  elevation  of  the  plateau  near  the  mountains  is  about  8,000  feet, 
ere  pines  are  found.  Near  the  mouth  of  the  San  Miguel  the  ele- 
I  is  about  0,000  feet,  and  the  surface  covered  generally  with  sage- 
.  All  the  streams  are  in  canons  from  800  to  1,000  feet  l)fclow  the 
ie,  with  but  little  bottomland.  The  Dakota  sandstones  form  the 
le  rock,  but  that  higher  beds  once  prevailed  over  the  entire  area 
ilent  from  the  remnants  of  Colorado  shales  that  are  now  found  at  j 

il  localities.  The  largest  area  of  shales  is  found  between  the  San 
si  River  and  Tabeguache  Creek,  occupying  a  synclinal  depression. 
Teas  of  shales  are  indicated  on  the  map  (Plate  Vlll). 
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AREA  B— GRAND  RIVER  VALLEY^ROAN  OR  BOOK  CLIFFS- 
LITTLE  BOOK  CLIFFS. 

As  indicated  in  a  previons  chapter,  Area  B  inclades  about  3,000 
square  miles.  Of  this,  1,100  represent  Grand  River  Valley.  The  en- 
tire drainage  of  the  area  is  tributary  to  Grand  River,  which  forms  the 
southern  boundary.  The  northern  boundary  is  the  crest  of  the  Boan  or 
Book  Cliffs.  Almost  all  the  area  is  a  desert,  and  can  be  worked  in  detail 
only  in  the  spring  or  early  summer  months.  It  was  visited  by  as  iu 
the  last  week  of  September  and  the  early  part  of  October,  when  the 
streams  were  dry.  Salt  Creek  was  the  only  one  carrying  water,  and  it 
was  a  trickling  stream  of  strongly  alkaline  water.  The  region  bHetween 
the  crest  and  the  foot  of  the  cliffs  is  also  destitute  of  water  except  at  a 
few  places.  To  be  worked  in  detail  it  will  have  to  be  visite&  in  the 
spring;  and  the  crest,  along  which  an  Indian  trail  takes  its  way,  will 
have  to  be  the  line  from  which  it  is  worked.  The  cliff's  are  rugged  and 
precipitous,  and  considerable  time  will  have  to  be  spent  in  finding  good 
places  to  descend.  Fortunately  the  geological  structure  is  so  simple 
that  a  good  idea  of  the  areas  occupied  by  the  various  formations  was 
obtained  during  our  hasty  trip  along  the  crest,  and  no  difficulty  was  ex- 
perienced in  coloring  the  geological  map.  The  formations  represented 
are  mainly  Cretaceous  and  Tertiary,  the  outcrops  of  Jurassic  and  Tri- 
assic  being  limited  to  a  narrow  belt  along  the  course  of  Grand  River. 

GRAND  EIVEB  VALLEY. 

Following  the  Uncompahgre  River  northward,  we  find  the  broad  val- 
ley in  which  it  is  located  extending  northwestward  along  the  Gunnison 
and  becoming  the  Grand  River  Valley  below  the  mouth  of  the  Gunni- 
son. It  keeps  a  northwesterly  course  as  far  as  Salt  Creek.  It  then 
curves  around  to  the  southwest,  following  the  course  of  Grand  River, 
which  curves  around  the  northern  end  of  the  Uncompahgre  Plateau. 
Beyond  Muddy  Creek  the  valley  extends  westward  toward  Green  River. 
The  total  length  of  the  valley  following  the  general  course  of  the  river 
is  about  75  miles.  Its  width  opposite  the  mouth  of  the  Gunnison  is  9 
miles.  On  Salt  Creek  it  is  15  miles,  and  on  Muddy  Creek  about  20  miles. 
The  valley  is  nearly  flat,  there  being  a  slight  slope  from  the  foot  of  the 
cliffs  toward  the  river,  and  a  still  smaller  slope  toward  the  cliffs  from 
the  edge  of  the  low  hogback  ridge  bordering  the  river.  A  line  of  sta- 
tions was  made  on  this  ridge.  The  valley  is  for  the  most  part  a  desert, 
covered  with  a  sparse  growth  of  stunted  sage-brush,  which  grows  in  a 
stiff  alkaline  soil  made  from  the  debris  that  is  washed  from  the  Book 
Cliffs.  Along  Grand  River  in  the  bottom-land  there  are  groves  of  Cot- 
tonwood. A  portion  of  the  valley  between  the  Little  Book  Cliffs  and  Salt 
Creek  may  be  reclaimed  by  irrigation  from  Grand  River.     Beyond  Salt 


#r8.    The  streams  flowing  from  the  cliff's  to  Grand  River  have  cut  deep 
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arroyas  or  gnllies  in  the  soft  soil.  Salt  Greek  was  the  only  one  that  car- 
ried any  water  when  we  crossed  them.  Desert  Creek  had  a  small  stream 
at  the  edge  of  the  valley  close  to  the  foot  of  the  cliffs,  but  the  wat^r, 
which  was  alkaline,  soon  disappeared.  The  formation  forming  the  floor 
of  the  valley  is  the  Middle  Cretaceoos  or  Colorado  group,  the  dip  of  the 
beds  being  away  from  the  river. 

Between  the  month  of  the  Gunnison  and  Station  4  a  wide  alkali  flat  ex- 
tends from  the  foot  of  the  Little  Book  Cliffs  to  Grand  Kiver.  The  latter 
stream  comes  from  a  deep  canon  (named  Hogback  Caiion)  cut  through 
the  Little  Book  Cliffs,  and  flows  almost  directly  west  across  Grand  Kiver 
Valley  nearly  at  right  angles  to  its  course.  On  the  south  side  of  the 
river,  the  shales  of  the  Colorado  group  are  seen  dipping  2^  or  3^  in  the 
bluff,  which  is  about  200  feet  high. 

After  the  Gunnison  joins  the  Grand  the  latter  takes  the  course  fol- 
lowed by  the  former  above  its  mouth,  and  hugs  the  lower  or  southern 
side  of  the  valley.  South  of  the  river  is  a  low  hogback  ridge  of  Dakota 
sandstones,  dipping  toward  the  northeast.  On  these  sandstones  rest 
remnants  of  the  shales.  The  Dakota  group  crosses  to  the  north  side 
southwest  of  Station  4,  at  the  point  where  the  wagon -road  leaves  the 
river,  and  soon  rises  into  a  ridge  of  about  300  feet,  on  which  Station  5 
was  located. 

Station  4  was  on  a  remnant  of  a  former  level  of  the  valley,  a  yellow- 
topped  butte  underlaid  by  black  argillaceous  shales  (probably  Creta- 
ceous No.  2), 

Station  No.  5  was  on  the  edge  of  the  cafion  of  the  Grand.  The  river 
IB  in  the  upper  part  of  the  Bed  Beds,  above  which  is  the  following  sec- 
tion : 

Base.  Feet. 

1.  White  sandstones  with  thin  bands  of  limestone  )  gQ 

2.  Greenish  shales ) 

3.  White  sandstones 71 

4.  Variegated  shales  and  marls  reddish  and  greenish 70 

5.  Yellowish  white  sandstone,  rather  massive 88 

309 
The  thicknesses  were  measured  by  angles,  taken  with  the  gradienter. 
Layers  Nos.  4  and  5,  and  perhaps  No.  3,  belong  to  the  Dakota  group, 
while  the  remainder  of  the  section  is  referable  to  the  Jurassic,  the  de- 
crease in  thickness  from  that  in  the  southern  area  being  probably  due 
to  the  presence  in  this  region  of  limestones. 

Station  6  was  located  on  a  mesa  of  Dakota  sandstones.  The  dip  here 
is  not  great,  although  it  increases  a  little  as  we  go  north  from  the 
station,  and  the  sandstones  disappear  beneath  the  Colonido  shales. 
Salt  Creek  flows  into  the  Grand  at  the  head  of  the  bend.^  From  this 
bend  to  Station  8  the  river  is  in  a  narrow  canon  cut  in  the  Bed  Beds. 
These  are  seen  on  the  south  side  of  the  river  rising  to  the  south  in  the 
TJncompahgre  Plateau.  Opposite  Station  7  several  buttes  are  seen 
which  have  cappings  of  Jurassic  shales.  On  the  north  side  of  the  river 
the  Jurassic  forms  most  of  the  surface,  although  there  is  one  area  be- 
tween Sta^^ions  7  and  8  where  it  has  been  removed.  The  following  sec- 
tion was  obtained  here : 

Top.  Feet. 

1.  Massive  sandstone,  general  color  light  red,  white  on  top 150 

2.  Bed  laminated  sandstones  and  shales 100 

3.  Massive  sandstone,  deep  red  in  places  and  light  red  in  others. . .  200 

450 
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On  the  south  side  of  the  river  the  upper  layerR  appnear  to  have  been 
eroded  away,  not  showing  until  the  mesas,  five  or  six  miles  south  of 
the  river,  are  reached. 

The  caiion  of  the  Grand  appears  to  be  impassable,  and  the  road  makes 
a  detour  around  it.  It  is  thirty  miles  from  where  the  road  leaves  the 
river,  above  Station  5,  to  the  point  where  it  touches  it  again,  below  Sta- 
tion 8.  The  gullies  crossed  in  this  distance  are  all  dry,  with  the  excep- 
tion of  Salt  Creels,  the  water  of  which  is  alkaline.  Although  dry,  these 
gullies  are  deep,  especially  between  Stations  7  and  8. 

The  following  is  the  section  at  Station  8 : 

Top. 

1.  Massive  yellowish  sandstones  with  faint  impressions  of) 

stems >  250  feet. 

2.  White  marls  and  reddish  sandstones ) 

3.  Dark-colored  hard  sandstones,  with  a  layer  at  the  base  1 
containing  nodules  of  jasper I 

4.  Variegated  marls * >260  feet. 

5.  Greenish  marls  and  sandstones  with  thin  bands  of  lime-  I 
stone  at  the  base \ 

6.  Massive  red  sandstones  (top  of  Trias  Y) 

Total 510  feet. 

It  is  difficult  here,  as  at  the  other  localities,  to  draw  the  line  between 
the  base  of  the  Dakota  group  and  the  top  of  the  Jurassic. 

Between  Station  7  and  Station  8  is  a  kind  of  basin  of  Jurassic 
shales,  the  stations  being  located  on  two  points  or  tongues  of  the  Da- 
kota sandstone.  North  of  the  hogback  ridge  of  Dakota  sandstone  the 
shales  form  low  blufifs,  and  between  these  and  the  foot  of  the  Book 
Cliffs  the  surface  is  diversified  by  buttes  and  mesas  eroded  from  the 
sbales.    The  Dakota  sandstones  dip  toward  the  northwest  30-5o. 

Bitter  Water  Creek  joins  the  Grand  below  Station  8;  and  just  be'.ow 
the  mouth  of  the  creek,  the  river  enters  a  canon  in  the  Red  Beds.  This 
canon  is  500  or  GOO  feet  in  depth  at  its  head,  and  this  probably  increases 
as  the  river  is  followed. 

From  the  head  of  the  canon  to  the  Horse-shoe  Bend,  the  Red  Beds 
outcrop  on  both  sides  of  the  river.  Station  9  was  located  on  a  Jurassic- 
capped  butte  on  the  north,  or  rather  west  side  of  the  river,  for  the  Grand 
here  is  flowing  but  a  few  degrees  west  of  south.  On  the  east  side  its 
tributaries  cut  profound  canons  in  the  Red  Beds,  and  at  their  sources 
may  even  expose  the  underlying  granitic  rocks. 

At  Horse-shoe  Bend  the  valley  becomes  more  open,  and  below  the 
bend  the  river  flows  from  the  Red  Beds  into  the  Jurassic  shales.  Below 
the  mouth  of  Granite  Creek  the  Grand  makes  a  right-angled  bend  and 
flows  to  the  southwest,  cutting  across  the  hogback  ridge  into  a  syncli- 
nal basin  of  Cretaceous  shales.  The  strike  of  the  Dakota  group  is  at 
right  angles  to  the  course  of  the  river,  and  just  above  tbe  mouth  of  the 
Rio  Dolores  we  find  the  Grand  again  cutting  across  the  Dakota  group 
at  right  angles  to  its  strike.  The  synclinal  depression  between  the 
Dolores,  Granite  Creek,  and  Grand  River  is  the  result  of  two  folds 
meeting,  viz :  that  of  the  northern  end  of  tbe  Uncompahgre  Plateau,  and 
the  fold  that  marks  the  western  edge  of  the  same  plateau  farther  south. 
This  latter  fold,  with  its  axis  slightly  changed  (i.  c,  more  to  the  west- 
ward), continues  from  the  Grand  to  Green  River.  A  line  of  hogbacks, 
capped  with  the  Dakota  sandstones,  is  seen  stretching  to  the  westward 


PBALE.]         ABEA   B GRAND   BIVER   VALLEY—BQOK  CLIFFS.  173 

from  the  Grand  at  the  month  of  Mnddy  Creek.    South  of  this  is  the 
Dome  Plateau,  named  from  the  domed  shape  of  the  country. 

From  the  foot  of  the  hogbacks  there  is  a  gradual  swell,  covered  for 
some  distance  with  a  portion  of  the  Jurassic.  This,  however,  soon  dis- 
appears, and  the  upper  part  of  the  Trias  (f )  forms  the  surface,  reiiching  to 
the  edge  of  the  cliffs  overlooking  the  Valle  Colorado  of  Orand  Biver.  A 
section  of  the  beds  in  these  cliii's  at  station  12  was  given  in  the  Eeport 
for  1875,  p.  83. 

In  the  western  part  of  Grand  Eiver  Valley  there  are  three  streams, 
Muddy,  Alkali,  and  Desert  Creeks,  rising  in  the  Book  Clififs.  The  names 
were  given  as  an  indication  of  the  kind  of  country  through  which  they 
flow. 

Muddy  Creek  rises  in  the  cliffs  outside  of  the  district.  Like  the  others 
in  Grand  River  Valley,  the  course  of  this  stream  can  be  traced  by  the 
line  of  sage-brush  along  its  gulley.  In  the  cliffs  it  probably  has  running 
water,  and  near  its  mouth  we  saw  several  pools  of  alkaline  water. 

Alkali  Creek  we  found  entirely  destitute  of  water,  and  it  is  probably 
only  in  the  spring  that  it  is  a  running  stream.  The  bed  of  Desert  Cre^k 
contained  a  trickling  stream  at  the  entrance  to  the  cliffs,  but  it  soon  dis- 
appeared in  the  clayey  deposits  of  the  valley.  On  the  way  across  the 
valley  to  the  exit  of  Desert  Creek,  we  crossed  a  low  mesa  about  half  way 
from  the  Grand  to  the  cliffs.  This  mesa,  not  a  hundred  feet  high,  is 
capped  with  a  sandstone  which  had  a  dip  of  1^  or  2^  toward  the  cliff's. 

Grand  River  Valley  is  a  valley  of  erosion  determined  first,  perhaps,  by 
the  fold  resulting  from  the  upheaval  of  the  Uncompahgre  Plateau.  An 
immense  amount  of  material  must  have  been  removed  to  form  the  trough 
that  we  now  see  extending  along  the  Uncompahgre,  Gunnison,  and  . 
Grand  Rivers  to  the  Green.  We  leave  the  Grand  just  as  it  enters  the 
great  cafioncountry  so  characteristic  of  the  great  Colorado  River  of  the 
West. 

As  has  already  been  stated,  the  valley  is  not  adapted  for  agricultnral 
pnr|)Oses,  and  much  less  for  grazing,  unless  there  should  be  a  change 
of  climate.  Traces  of  a  poor  quality  of  coal  are  found  at  several  places 
in  the  sandstones  at  the  summit  of  the  hogbacks  along  the  Grand,  but 
it  is  of  no  economic  importance.  Gypsum  is  found  in  the  Jurassic 
shales,  and  also  in  the  Colorado  Cretaceous,  but  as  far  as  seen,  not  in 
beds,  nor  as  large  deposits. 

HOAN  OB  BOOK  CLIFFS. 

The  cliffs  that  overlook  the  Grand  River  Valley  are  divided  into  two 
portions,  the  Roan  or  Book  Cliffs,  overlooking  the  western  part,  and  the 
Little  Book  Cliffs,  overlooking  the  eastern  part,  extending  from  Hog- 
back Caiion  of  Grand  River  to  Salt  Creek.  The  name  Roan  is  given  on 
account  of  the  color,  and  the  name  Book  Cliffs  from  the  resemblance  of 
their  edges  to  those  of  a  bound  book.  The  summit  of  the  cliffs  forms 
the  southern  edge  of  the  Roan  or  Book  Plateau,  which  extends  north- 
ward, forming  the  district  investigated  by  Dr.  Endlich.  In  this  direc* 
lion  the  streams  flow  in  the  direction  of  the  dip  of  the  rocks,  and  the 
country  is  not  so  rugged  as  that  on  the  south.  North  of  the  bend  of 
Grand  River  is  the  basin  drained  by  Salt  Creek,  which  has  its  sources 
about  16  or  18  miles  north  of  the  northern  edge  of  Grand  River  Valley, 
while  the  other  streams  have  a  much  shorter  course  in  the  cliffs.  The 
edge  of  the  cliffs  is  the  divide  between  the  drainage  of  Grand  River  and 
that  which  flows  to  White  River.  From  Bitter-water  Creek  this  divide 
has  a  nearly  due  east  and  west  direction  until  the  head  of  the  first 
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branch  of  West  Salt  Greek  is  reached,  wben  an  abrupt  tarn  to 
northeast  is  made.    At  the  head  of  West  Salt  Creek  the  coarse  is  som^ 
"What  winding  between  the  branches  of  that  creek  and  those  of  tl 
White  Kiver  streams.    The  plateau  character  so  noticeable  farther  wo ' 
is  lost  here.    The  general  direction  of  the  divide  is  east  and  west  to  tbi 
head  of  Eoan  Creek.    East  of  Roan  Greek  the  plateau  character  amd 
prevails,  especially  along  Grand  River,  as  shown  in  Fig.  2,  Plate  X  ( 
sketch  of  the  cliffs  and  plateau  on  the  north  side  of  the  Grand  from 
Creek  to  Cactus  Valley,  made  by  Mr.  Holmes).    The  dip  of  the  strata  her^' 
is  to  the  northward.     Between  Salt  Creek,  Roan  Greek,  and  the  LitU^ 
Book  Cliff's  the  country  is  considerably  broken  up.    The  drainage 
generally  to  the  east,  and  remnants  of  the  i)lateau  are  left  as  long 
like  mesas  between  the  branches  of  Roan  Creek. 

The  surface  rocks  on  the  plateaus  everywhere  throughout  this  regioi 
are  the  white  shales  of  the  Green  River  group  of  Tertiary.     Betwee^3 
Desert  Creek  and  Bitter-water  Greek,  the  summit  of  the  cliffs  ia  aboa  ^ 
12  miles  from  the  edge  of  Green  River  Valley.    The  intervening  coantry 
is  very  rugged.    Spurs  extend  southward  from  the  cliffs  between  the 
streams.    These  spurs  are  composed  mainly  of  Wahsatch  beds,  which, 
toward  the  west,  are  composed  of  sandstones,  generally  white  in  ooloCf 
but  with  layers  of  a  pink  color. 

We  reached  the  summit  of  the  cliffs  by  following  an  old  and  roagh  ^ 
Indian  trail  that  led  up  Desert  Greek.    This  part  of  the  cliffs  was  oat-  > 
side  of  the  district,  but  it  presented  the  only  means  of  access  to  the  pla-  ^ 
teau,  which  here  id  3,787  feet  above  the  valley.    At  the  entrance  of  the  " 
creek  to  the  valley  there  are  low  hogbacks,  in  which  the  beds  dip  about 
G^  toward  the  cliff's.    The  general  dip  appears  to  be  a  little  east  of  north, 
and  this  becomes  more  easterly  as  we  follow  the  cliffs  to  the  westward. 

The  following  section  was  made  at  the  exit  of  Desert  Creek,  the  thick- 
ness being  estimated : 

Section. 
Base.  Feet. 

Colorado  ...      1.  Colorado  shales  about 200 

(    2.  Sandstone 75 

3.  Shales  with  lignite  band 300 

4.  Sandstone 50 

6.  Shales 100 

6.  Sandstones 25 

7.  Shales  with  lignite  band 75 

I    8.  Sandstones - . 25 

Laramie  ? . . .       0.  ^Massive  sandstones  with  thin  bands  of  shales.       600 

(  10.  Ueavy  bands  of  white  and  yellowish  sandO 

Wahsateh  !  .  <  stones  with  interlaminated  red  and  reddish  I 

\  shales  and  sandstones >  4, 000 

p,  T^-         I  11.  Greenish  laminated  shales  and  white  sand-  I 

tireen  Kiver  ^  ^^^^^  ^^^  ^j^^j^^  ^ 

lied  1  represents  only  a  portion  of  the  Colorado  group. 

The  sandstones  2  and  4  form  escarpments  facing  the  valley.  As 
No.  4  is  traced  up  the  creek,  it  is  seen  to  thin  out  as  it  sinks  into  the 
hills  beneath  the  upper  beds.  Instead  of  one  band  of  sandstone  there 
are  several,  and  the  line  between  4  and  5  becomes  very  indefinite.  This 
we  find  to  be  the  case  very  frequently  in  this  region.  A  band  of  Siind- 
stone  may  be  very  persistent  tor  a  long  distance,  and  then  split  into 
several  layers  and  peril aps  disappear.  The  line  between  the  Laramie 
group  and  the  Fox  Hills  is  especially  indistinct.  The  time  at  oupdis- 
l)osal  did  not  permit  of  careful  search  for  lossils. 


Fox  Hills...  ^ 


r.  S.  Gfidogloal  Swrer. 


^'>vc/-  l,f,l_  Siei       ft  f^rand  A^«ft. 


If 

^^: 

^te^ 

^^f^ 

a 

tuefoiiK. 
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The  beds  marked  No.  11  are  nndoabtedly  the  Green  Biver  group  of 
the  Tertiary,  as  fossils  were  obtained  from  the  beds  farther  east.  The 
line  between  them  and  the  Wahsatch  (l^o.  10  of  the  section)  cannot  be 
definitely  drawn  in  the  western  partof  the  cliffs,  as  the  variegated  charac- 
ter of  the  Wahsatch  group  noticed  farther  east  is  here  almost  lost. 

At  Station  19  the  summit  is  3,400  feet  above  the  valley.  Between 
Stations  19  and  21 ,  the  plateau  character  is  well  preserved.  The  streams 
flowing  north  do  not  cahon  very  rapidly  and  the  angle  of  dip  in  the  strata 
is  only  about  4P.  Grass  and  sage-bruKh  grow  everywhere  on  the  plateau. 
The  cliflfs  overlooking  Grand  Eiver  Valley  are  composed  of  sandstones 
and  luterlaminated  greenish  shales  with  spurs  projecting  southward 
having  cliff-like  faces  on  the  west  side,  while  the  eastern  slopes  are  more 
rounded  and  grassed  over. 

Near  the  head  of  the  creek,  flowing  northwest  from  Station  21,  a  num- 
ber of  asphaltum  springs  were  found.  They  are  really  in  the  district 
assigned  to  Dr.  Endlioh's  party,  but  as  they  were  visited  by  us,  I  insert 
the  description :  These  springs  are  found  in  two  canons,  marked  a  and 
b  on  map  of  area  B  (Plate  XI).  On  the  north  side  of  canon  a  a  space 
about  20  feet  square  is  covered  with  the  hardened  asphaltum,  and  a  line 
of  the  same  material  leads  to  the  crevice  above,  from  which  it  came. 
We  visited  it  early  on  a  cool  morning  and  no  flow  was  noticed.  Near 
the  crevice,  however,  the  tar  was  soft.  On  the  opposite  side  of  the  canon 
a  similar  spot  was  noticed,  and  farther  down  the  canon  four  or  five  more. 
The  asphaltum  appeared  to  come  from  under  a  steel-gray  sandstone^ 
beneath  which  is  an  oolitic  limestone,  in  some  places  the  latter  ap- 
peared to  include  irregular  masses  of  limestone.  Gafion  b  was  tributary 
to  a,  and  on  the  east  side  contained  an  area  of  about  50  square  feet  on 
which  the  hardened  asphaltum  formed  the  surface.  Several  points  were 
noticed  where  it  oozed  from  the  side  of  the  caiion,  but  the  rocks  were 
not  well  exi>osed.  It,  however,  is  at  about  the  same  level  as  those  in 
the  main  canon. 

Two  sulphur  springs  were  noted  in  connection  with  the  asphaltum. 
They  were  first  detected  by  their  odor.  The  water  flowing  over  the 
tar  has  coated  it  with  sulphur.  An  oily  substance  was  noted  on  the 
surface  of  the  water.  The  temjieratures  were  45°  F.  and  47°  F,,  while 
the  air  was  at  65^  F.  The  time  was  9  a.  m.  The  discovery  of  these 
springs  was  due  to  Mr.  J.  E.  Mushback,  of  our  party.  Others  of  the 
canons  in  the  same  region  probably  have  similar  springs,  and  Dr. 
Eudlich  notes  the  occurrence  of  asphaltum  farther  north,  which  is  prob- 
ably connected  in  some  way  with  this  locality.  The  subject  will  be  dis- 
cussed in  his  report. 

Between  Stations  21  and  29  the  divide  is  narrow,  in  some  places 
affording  only  room  enough  for  the  trail.  The  canons  on  both  sides  are 
deep,  and  it  is  often  difficult  to  find  a  way  of  descent.  An  oolitic  lime- 
stone is  found  all  along  the  divide,  and  also  fine  green  shales,  that  are 
probably  argillaceous. 

Bitter-water  Fork  appears  to  occupy  a  slight  synclinal  depression 
northwest  of  Station  23.  On  the  west  side  of  the  stream  there  is  a  dip 
almost  due  north,  and  on  the  east  side  the  beds  dip  a  few  degrees  north 
of  west. 

The  region  lying  between  Stations  25  and  26  and  the  edge  of  Grand 
Biver  Valley  was  not  visited,  but  simply  seen  from  the  stations.  The 
Green  Biver  shales  continue  to  form  the  surface-rocks  on  the  highest 
ridges,  with  the  variegated  Wahsatch  beds  showing  in  the  canons. 

Approaching  Grand.  Biver  Valley,  we  find  the  sandstones  of  the 
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Laramie  fi^roup  appearing,  and  below  tbem  the  shales  and  sandstones 
of  the  Fox  Hills  Cretaceous. 

We  lett  the  plateau  at  the  head  of  Roan  Creek,  and  followed  that 
stream  to  Grand  River.  Where  we  descended,  the  cliffs  were  about 
1,400  feet  high.  This  is  just  east  of  Station  27.  The  strata  were  about 
horizontal,  and  belong  to  the  Oreen  River  group.  A  short  distance 
down  the  stream  we  reached  the  Wahsatch  beds,  which  continued  to 
outcrop  along  the  creek  almost  to  its  mouth.  The  variegated  character 
of  these  beds  is  very  marked  in  this  region. 

There  are  slight  evidences  of  an  anticlinal  fold  in  the  Wahsatch  beds 
in  the  l>ottom  of  the  valley.  In  the  cliffs  the  Oreen  River  group  ap- 
pears to  be  horizontal,  and  there  must  therefore  be  either  an  uuoouforin- 
ability  between  the  two  groups  or  erosion  has  removed  that  portion  of 
the  Green  River  group  which  was  affectcil  by  the  fold.  Erosion  has  so 
obscured  the  beds  in  the  valley  that  it  is  difficult  to  determine  the  exact 
conditions.  That  there  was  a  fold  I  think  is  evident,  and  we  have  low 
hills  bordering  the  creek  on  the  upper  part  of  it«  course,  formed  by  this 
anticlinal,  the  creek  occupying  the  axis  of  the  fold.  This  fold  probably 
determined  the  course  of  the  creek.  As  we  go  down  the  stream  the  fold 
appears  to  die  out. 

As  we  approach  Grand  River  a  series  of  massive  and  laminated  sand- 
stones appears  beneath  the  Wahsatch  group.  South  of  White  Mount- 
ain these  sandstones  form  bluff's  of  400  to  5(K)  feet  facing  the  river. 
Tliey  probably  represent  the  upper  part  of  the  Laramie  group.  Follow- 
ing up  the  river  these  sandstones  soon  disappear,  and  the  overlying 
Wahsatch  beds  also  sink  for  a  short  distanc(%  but  soon  rise  a  little  and 
continue  almost  horizontal.  What  dip  there  is  appears  to  be  toward 
the  north.  The  white  and  yellow  beds  of  the  Green  River  group  form 
cliffs  at  the  summit  of  the  bluff',  while  the  underlying  soft,  variegated 
beds  weather  in  their  characteristic  slopes.  This  is  well  shown  in  Fig. 
2,  Phite  X  (a  sketch  of  the  Roan  Cliffs  on  Grand  River,  made  by  Mr. 
liolnies). 

between  Parachute  Creek  and  Cactus  Valley  the  Wahsatch  beds  show 
the  rharacterisUc  weathering  of  Bad  Lands  into  columns  and  towers. 
Along  the  river  there  are  well-marked  terraces  cut  in  the  soft  beds.  On 
the  south  side  these  terraces  are  covered  with  bowlders  of  basalt  that 
have  been  washed  from  the  Battlement  mesa.  I  did  not  notice  any  on 
the  north  side.  The  stee]>nessof  the  cliffVs  on  the  north  side  has  caused 
deep  gullies  to  be  cut  by  the  small  branches  of  the  Grand.  The  hills 
on  the  south  side  are  more  rounded,  and  the  stream-beds  much  less  in 
depth. 

In  Cactus  Valley  we  found  the  variegated  beds  forming  low  bluffs 
facing  tiie  river,  and  low  ho;i:backs  inclining  from  the  Grand  Hogback 
Range.  This,  however,  lies  in  Dr.  Endlich's  district,  and  will  be 
described  by  Inm.  The  only  ]K>rtion  of  the  district  remaining  to  be 
deseribrd  is  thr  Little  Book  Cliffs,  through  which  Grand  River  cuts 
its  hogback  caiion  from  the  mouth  of  Plateau  Creek  to  Grand  Kiver 
VuUey. 

LITTLK  BOOK  CLIFFS. 

The  Little  Book  Cliffs  extend  from  Grand  River  north  west  wanl  to 
Kast  Salt  Creek,  a  distance  of  some  thirty  miles.  Fig.  3,  Plate  X, 
gives  a  view  of  the  cliffs  as  seen  from  the  south  side  of  the  Grand.  The 
cliffs  are  about  1,800  feet  in  average  height,  ^ear  the  (irand  the  fol- 
hnving  is  the  section  (point  c  f  in  Kig.  3,  Plate  X).  Tlie  thi(;knesse^are 
measured  by  angles  taken  with  the  gradienter  from  a  station  on  the 
south  side  of  the  Grand. 


Plate  la. 


>*.« 
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Section* 


Base. 


Upper  part  of        ( 1.  Black  and  yellow  sbales,  with  lime- 


Feet. 
800 


!1.  Black  and  yellow  sbales,  with  lime- ) 
stones  f J 

<'  2.  Yellov/  sandstone,  forming  an  indict-  ) 
tinct  escarpment I 

3.  Yellow  shales  and  sandstones,  with  >       710 
Fox  Hills  Gretaceoas.  ^         a  band  of  lignite  near  the  upper  ] 

part 3 

4.  Sandstone 

(6.  Shaly  beds }       380 

Laramie  T  6.  Pinkish  sandstones 


Total 1,890 

These  beds  dip  to  the  northeast  at  an  angle  of  abont  8^.  As  we  tn  ce 
layer  No.  2  toward  the  northwest  along  tbe  cliffs  it  becomes  somewhat 
indistinct.  The  beds  also,  as  seen  from  Station  4,  appear  to  sink,  and 
the  Laramie  sandstones  nndoubtedly  form  the  escarpment  at  the  snm- 
mit  of  the  cliffs.    Still  farther  along,  the  beds  rise  again. 

East  of  Station  4  and  back  of  the  first  line  of  cliffs  a  second  line  is 
DOted,  in  which  the  beds  are  the  variegated  shales  and  sandstones  of 
the  Wahsatch  Group.  The  sketch  in  Fig.  3,  Plate  X,  is  taken  from  too 
low  a  point  to  show  this  line  of  cliffs.  As  we  approach  East  Salt  Creek 
the  Wahsatch  beds  come  to  the  front,  continuing  westward  from  a  low 
range  of  hills  which  represent  a  portion  of  the  Boan  Cliffs.  Tbey  do 
not  remain  in  front  long,  but  retreat  and  form  the  base  of  a  line  of  cliffs 
which  extend  southwest  from  Station  28.  The  latter  marks  the  angle  of 
a  bend,  a  line  of  cliffs  extending  southeast  from  the  station.  Station 
30  is  located  on  the  same  line.  These  cliffs  are  capped  with  Green  Biver 
Tertiary,  and  are  about  a  thousand  feet  higher  than  the  outer  cliffs, 
from  which  they  are  distant  about  six  miles. 

The  map  of  Area  B  will  enable  the  reader  to  obtain  a  clearer  idea  of 
the  extent  of  the  cliffs  and  the  areas  occupied  by  the  various  formations 
represented  in  them. 

There  is  room  through  all  this  region  for  much  detailed  work  which 
tbe  lateness  of  the  season  and  small  amount  of  time  at  our  disposal 
prevented  us  from  accomplishing. 
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CHAPTER    IV. 


GEOLOGICAL  FORMATIONS  OP  THE   GRAND   EIVEE 

DISTRICT. 

In  this  chapter  I  shall  endeavor  to  present  in  as  concise  a  manner  as 
possible  the  various  facts  observed  in  regard. to  each  formation. 

The  following  list  represents  those  coming  under  observation  during 
the  season: 

Upper  Carboniferous. 

Triassic  f 

Jurassic. 

f  Lower  Dakota  group 

«"«-»"» sa'Ji^'jpr""- 

l^Fox  Hills  group. 
Post-Cretaceous Laramie  group. 

Tertiarv  i  Wahsatch  group. 

"™*^^ \  Green  River  group. 

Post-Tertiary  and  recent. 

On  the  south  side  of  Grand  River  (in  Area  B)  there  are  a  few  isolated 
exposures  of  granitic  rock.  These  were  not  visited  this  season,  but  were 
referred  to  in  the  report  for  1875  (p.  66).  Neither  Silurian  nor  Devonian 
was  recognized  in  either  district. 

Area  A  is  composed  almost  entirely  of  Cretaceous  strata,  while  Area 
B  is  about  equally  divided  between  the  Cretaceous  and  the  Tertiary. 

UPPER  OABBONIFEROUS. 

Area  A, — ^A  reference  to  the  accompanying  map  (Plate  VIII)  will  show 
the  areas  in  which  rocks  of  the  Upper  Carboniterous  formation  are  ex- 
posed. The  line  separating  them  from  theTrias  has  been  arbitrarily  fixed, 
as  the  soft  sandstones  and  gypsiferous  shales  are  much  like  the  beds 
forming  the  base  of  the  Trias.  This  is  what  would  naturally  be  expected 
when  it  is  remembered  that  the  deposition  of  the  sediments  in  this  region 
was  probably  continuous,  and  the  materials  entering  into  their  compo- 
sition derived  from  the  same  sources.  Both  the  localities  (in  Paradox 
Valley  and  in  the  Caiion  of  the  Dolores)  noted  on  the  mi:p  were  seen 
from  a  distance,  and  therefore  no  details  respecting  them  can  be  pre- 
sented. They  are  probably  similar  to  the  rocks  of  the  same  age  showing 
farther  north  and  west,  which  were  described  in  the  Report  for  1875 
(p.  71). 

Area  B, — The  map  of  this  area  shows  a  small  outcrop  of  Upper  Car- 
boniferous on  Grand  liiver  below  the  mouth  of  the  Rio  Dolores.  It  is 
unimportnnt,  and  was  referred  to  in  the  Report  for  1875. 

JUEA-TEIAS. 

The  line  separating  the  Triassic  from  the  Jurassic  is  almost  as  obscure 
as  that  separating  the  Carboniferous  from  the  Triassic.    The  line  has 
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been  drawn  litbologically,  tbe  massive  red  sandstone  being  consid- 
ered tbe  top  of  tb&Triassic.  Tbe  conflicting  evidence  presented  bj  tbe 
organic  remains  found  in  tbe  Jurassic  and  Tria^sic  beds  of  tbe  West  bus 
been  referred  to  in  previous  reports  (1874  and  1875). 

Area  A. — Ilardly  more  tban  60  square  miles  of  tbe  area  are  covered 
witb  tbe  red  sandstones  of  tbe  Trias.  A  massive  red  sandstone,  becom- 
ing ligbter  colored  toward  tbe  top,  cross  stratifleil  at  many  places,  is  tbe 
prevailing  cbaracteristic  rock.  Its  tbickness  is  from  500  to  1,000  feet. 
Tbe  beds  become  lanimated  below,  and  gypsiferous,  passing  gradually 
into  tbe  Upper  Carboniferous.  Tbe  variegated  sandstone  sbales  tbat 
lie  above,  bave  been  colored  on  tbe  map  to  represent  tbe  Jurassic  Tbe 
general  cbaracter  is  tbe  same  as  previously  described — soft  greenisb  and 
gray  argillaceous  and  arenaceous  sbales  and  marls  near  tbe  top,  passing 
into  tbe  Lower  Dakota  sandstone,  and  dull,reddisb  laminated  sandstones 
and  sbales  at  tbe  base.  Tbe  limestones  tbat  occur  farther  north  near 
tbe  base  appear  to  be  absent  bere.  Tbe  area  occupied  is  about  80  square 
miles.  Tbe  Kio  San  Miguel  bas  an  outcrop  of  Jurassic  at  tbe  bottom 
of  its  canon  walls  almost  its  entire  length.  A  few  of  its  tributaries  also 
cut  deep  enough  to  expose  tbe  Jura.  The  mesa  northeast  of  Paradox 
Valley  is  capped  with  the  reddish  sbales  tbat  lie  at  tbe  base  of  the  for- 
mation. This  is  also  tbe  case  with  the  region  included  in  the  bend  of 
the  Dolores  north  of  Island  Mesa.  The  streams  tributary  to  the  Do- 
lores bere  cut  into  the  Bed  Beds  beneath.  All  about  Island  Mesa,  Ju- 
rassic rocks  are  exposed,  and  the  d6bris  filling  Gypsum  Valley  is  from 
'rocks  of  the  same  age.  The  structure  of  this  region  was  described  in. 
Chapter  II,  and  a  study  of  the  map  and  sections  will  make  tbe  descrip- 
tion more  intelligible. 

Area  B. — In  Area  B  tbe  Trias  and  Jura  are  found  only  along  Grand 
Kiver,  the  former  [irincipally  on  the  south  side,  and  the  latter  on  the 
north.  The  lithological  line  separating  them  is  much  better  defined 
than  it  is  in  Area  A.  The  sandstones  forming  tbe  upper  part  of  the  lied 
Beds  are  very  massive,  and  tbe  shaly  beds  just  above  contain  thin  layers 
of  limestone.  Below  the  massive  sandstones  come  blood  red  shales,  fol- 
lowed by  massive  sandstones,  generally  of  a  deep-red  color,  although 
in  many  places  the  color  fades  to  almost  white.  The  thickness  exposed 
is  nearly  500  feet,  which  represents  only  a  portion  of  the  formation. 

In  tbe  lied  and  Variegated  Beds  tbe  Grand  cuts  a  cuuon  of  varying 
height,  but  at  no  place  does  it  exceed  1,000  feet. 

The  general  section  of  the  beds  referred  to  the  Jurassic  is  about  as 
follows : 

Base.  Feet. 

1.  White  bands  of  sandstone  with  greenish  marls  and  a  few  thin 

layers  of  cherty  limestone  at  tbe  base 80 

2.  Variegated  green  and  red  sandstone  shales  and  marls i      ^^^ 

3.  White  sandstone ) 

Total 200 

The  variegated  cbaracter  of  tbe  sbales  and  marls  is  much  more  marked 
at  some  localities  than  at  others.  At  Station  10,  near  Horseshoe  Bend 
of  the  Grand,  they  are  rather  brilliant  in  color,  and  gypsum  seems  to  enter 
largely  into  their  composition.  From  Alkali  Creek  to  tbe  Bend  tbe  Ju- 
^ssic  beds  are  seen  as  remnants  capping  isolated  areas,  and  on  the 
Dome  Plateau  tbe  lower  portion  of  tbe  same  formation  covers  a  consid- 
erable area  south  of  the  hogbacks  that  border  the  Grand  Kiver  Valley 
at  this  place.  A  reference  to  tbe  map  of  Area  B  will  give  tbe  best  idea 
of  the  extent  of  the  formation. 


180  REPORT  rSlTED  RATES  GEOUOCKAL  STRTST. 

The  line  separation  the  Jansnc  from  the  ovcrljiog  Dakota  ia  indef- 
inire.  The  ducoaaioii  io  regard  to  it  win  be  fooiid  in  the  lepoita  for 
1^75. 


Arf^  A. — Of  the  1.000  sqaare  miles  indaded  in  the  area,  aboat  SoO 
are  cnverefl  with  rocks  of  Cretaceous  age.  Of  this  S30  sqaare  mileSt 
aboat  70  have  the  Colorado  groap  as  the  surface  formatioOy  the  rest 
being  mainly  Dakota  Groap. 

The  Dakota  groap  for  the  most  part  is  horizontal,  and  the  conditions 
of  the  strata  are  very  aniform.  It  forms  the  tops  of  the  blalboa  all  the 
cauon.4.  It  U  a  moderately  compact,  yellowish,  silicioos  sandstone. 
Beneath  are  greenish  shales  and  bands  of  sandstone.  The  latter  have 
b'^D  referred]  to  the  Lower  Dakota.  The  total  thickness  is  aboat  600 
or  700  feet,  about  200  feet  being  referable  to  the  npper  Dakota. 

The  mas:iiiTe  sandstone  at  the  top  in  most  places  appears  to  hare 
formed  a  barrier  to  erosion,  the  overlying  shales  having  been  swept 
away.  Kemnants  are  still  seen  in  Basin  Platean,  and  in  the  angle  of 
the  San  Mi^el  opfiosite  the  month  of  Natorita  Creek.  Farther  soath, 
however,  near  the  slopes  of  Lone  Cone,  the  shales  are  more  persistent, 
forming  mesas  extending  northward.  The  eraption  of  the  trachytic 
ma.<4se?)  seems  to  have  had  some  influence  in  protecting  them  in  this 
lociility.  These  remarks  are  merely'  intended  to  supplement  the  Be- 
port  for  1S7.'5. 

Area  B, — As  already  stated,  the  whole  of  Grand  River  Valley^  and  a 
considerable  portion  of  the  cliffs  bordering  it,  are  occupied  by' beds  of 
CretaceriU.H  age.  Of  this,  the  Colorado  shales  occupy  over  1.000  sqaare 
miles  in  the  space  between  the  cliffs  and  the  hogbacks  on  Grand  Biver. 
They  are  so  erodeJ  and  covered  by  debris  that  but  little  can  be  predi- 
cat^l  of  them.  They  form  low  bluff*$  back  of  the  hogbacks.  The  total 
thickness  of  the  group  is  about  1.54^)0  feet.  The  betls  consist  of  calca- 
reous and  argillaceous  shales  with  sandstone  and  limestone  bands. 

The  sandstone  of  the  Dakota  group  here,  as  at  so  many  other  locali- 
ties, seem.s  to  have  presented  a  decided  resistance  to  erosion,  and  as  a 
result  we  find  it  forming  the  summit  of  the  hogbacks. 

It  is  somewhat  difiicnlt  to  determine  the  exact  thickness  of  the  Dakota 
group,  as  we  do  not  know  exactly  what  its  lower  limit  is.  We  find  the 
s«tnie  difficulty  iu  dividing  the  Dakota  Cretaceous  from  the  Jurassic  that 
is  always  found  where  the  dei>osition  of  sediments  has  been  continuous 
from  age  to  age. 

The  following  is  the  average  section  of  the  Dakota  group  in  the  hog- 
backs on  Grand  Biver: 

Top.  ThickDen  in  fieet. 

1.  Massive  yellow,  siliceous  sandstone,  with  faint  impressions') 

of  dicotyle^lonous  stems,  at  some  localities I    oa  oaa 

2,  Variegated  marls,  with  bands  of  reddish  sandstones.    These  f 
beds  have  the  characteristic  weathering  of  Bad  Lands 3 

•^  Dark-colored  sandstones,  with  bands  of  marls  and  shales.  ) 
Near  the  base  is  a  layer  containing  nodules  in  which  there  >   50-100 
are  jaspers    \ 

Total  thickness 140-300 

The  greatest  thickness  is  noted  as  we  go  to  the  southwest,  beyond  the 
l>end  of  the  Grand. 
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Bed  No.  3,  and  a  portion  of  No.  2, 1  have  called  the  Lower  Dakota, 
tbe  name  snggested  by  Mr.  Holmes.  (Report  1875,  p.  261 ;  see  also  p. 
88  of  same  report.) 

Above  the  Colorado  shales,  in  the  Book  Cliffs,  is  a  bed  of  sandstone 
that  forms  a  well  marked  escarpment.  This  bed  probably  represents  the 
base  of  the  Fox  Hills  group.  Above  it  are  shales  and  sandstones  as 
follows : 

Feet. 

1.  Sandstones  and  shales 650 

2.  Massive  sandstones,  with  a  few  bands  of  shaly  sandstones 600 

I  am  inclined  to  consider  a  part,  if  not  the  whole,  of  layer  No.  2  as 
belonging  to  the  Laramie  gronp ;  but,  as  already  stated,  the  line  between 
the  two  formations  cannot  be  definitely  drawn  in  tbe  absence  of  fossils. 

In  the  Little  Book  Cliffs  the  sandstones  and  shales  referable  to  the 
Fox  Hills  group  are  abont  1,000  feet  in  thickness.  (See  section  p.  177, 
Chap.  III.) . 

Professor  White  had  good  exposures  of  the  Fox  Hills  group  farther 
north,  and  to  his  reports  the  reader  is  referred  for  details,  especially 
those  of  a  paleontological  nature.  At  no  point  in  the  district  did  I  ob- 
tain any  fossils  from  its  strata. 

POST-CEETACEOUS. 

Dr.  Hayden  first  pointed  out  the  transitional  character  of  the  sand- 
stones that  lie  between  the  marine  beds  of  the  Cretaceous  and  the  fresh- 
water beds  of  the  Tertiary.*  The  ])aleontological  evidence  has  been 
confiicting,  those  studying  the  fossil  flora  differing  from  vertebrate 
paleontologists.  As  Dr.  White  has  ably  shown  in  his  comparison  of  the 
Cenozoic  and  Mesozoic  groups,  the  testimony  of  invertebrate  paleon- 
tology but  confirms  the  position  of  Dr.  Hayden.t  For  these  transitional 
beds  Dr.  White  has  proposed  the  name  Post  Cretaceous.  Tbe  beds  of 
tbe  Laramie  group  are  the  ones  so  designated.  They  consist  mainly  of 
sandstones. 

In  Area  A  no  beds  of  Post  Cretaceous  age  were  noted ;  so  I  pass  to 

Area  B. — In  the  western  part  of  this  district  tbere  is  no  distinct  litho- 
logical  line  separating  the  Laramie  group  from  the  Fox  Hills  below 
nor  from  the  Wahsatch  beds  above.  In  passing  up  through  the  sand- 
stones, it  is  noticed  that  they  have  a  tendency  to  separate  into  massive 
bands,  between  which  reddish  shales  or  laminated  sandstones  appear. 
As  we  ascend  still  higher,  they  pass  insensibly  into  the  shales  of  the 
Green  Kiver  Group. 

On  Grand  Kiver,  near  the  mouth  of  Boan  Creek,  there  are  bluffs  in 
which  about  500  feet  of  sandstones  outcrop.  These  sandstones  are 
probably  the  upper  part  of  the  Laramie  group,  the  variegated  beds  just 
above  representing  the  Wahsatch  group. 

In  the  Grand  Hogback  Bange,  just  east  of  Cactus  Valley,  the  follow- 
ing fossil  plants  were  obtained,  the  identification  being  by  Professor 
Lesquereux : 

Fiats  auriculata^  Lesqx. 

Ficus planieostataj  Lesqx. 

Ficus  planicostata  var.  Qoldiana^  Lesqx. 

Diospiroa  croMinervis.  Lesqx. 

Salix ! 

Cinnamomum^  fragment. 

♦  Re|)ort  U.  8.  Geol.  Snrvey,  1«J70,  pp.  1C5-166. 
tBalletin  No.  3,  vol.  iii,  pp.  624-629. 
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In  a  letter,  Professor  Lesqoerenx  sajs  "all"  these  leaves  ^are  char- 
acteristic of  the  Lower  Liimitic  or  of  the  Lower  Eocene,  and  have  been 
found  at  Point  of  Bocks,  Black  Bntte,  and  Crolden,  especially,  the  most 
abundant  fragment  being  of  Fieu$planieoitata,  and  its  variety  Ooldiana. 
These  plants  were  obtained  from  a  sandstone  at  the  very  top  of  the 
group  which  I  have  referred  to,  the  Laramie  group;  and  this  bed  may 
perhaps  be  referred  in  the  future  to  the  Wahsateb  group. 

TEBTIABY. 

The  Tertiary  strata  cover  larger  proportionate  areas  in  the  northern 
district  (Area  B)  than  any  other.  The  accompanying  map  (Plate  XI) 
will  give  the  best  idea  of  their  extent.  In  Area  A  there  are  no  beds 
referable  to  the  Tertiary. 

The  Tertiary  strata  capping  the  Book  Cliffs  extend  northward  into 
Dr.  EndUch  and  Dr.  Whitens  districts,  dipping  gently  away  from  the 
edge  of  the  cliffs.  The  Green  River  group  forms  the  summit  as  an 
escarpment,  in  which  the  beds  weather  of  a  white  color,  from  which  the 
variegated  beds  beneath  are  distinctly  separable  in  the  eastern  portion 
of  the  area.  Toward  the  west,  however,  the  distinction  is  not  well 
marked,  as  the  Wahsatch  beds  consist  of  harder  sandstones  and  the 
variegated  character  is  almost  entirely  lost. 

The  following  table  will  show  at  a  glance  the  differences  at  the  different 

Kints.    The  third  section  was  made  in  1874,  but  is  in  the  same  ncigfa- 
rhood: 
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WAHSATCH  GROUP. 

In  the  western  part  of  Area  B  the  Wahsatch  groap  cannot  be  definitely 
separated  from  the  overlying  Green  Hirer  nor  from  the  underlying 
Laramie.    I  therefore  pass  to  the  eastern  portion  of  the  district. 

A  belt  of  Wahsatch  beds  extends  from  Grand  Biver  up  Boan  Creek  a 
little  above  the  bond,  southeast  of  Station  27.  The  creek  appears  to 
occupy  the  axis  of  an  anticlinal  fold  in  the  variegated  beds.  The  out- 
crop becomes  thicker  as  wo  descend  until  the  entire  thickness  is  exposed. 
At  the  top  are  laminated  sandstones  and  greenish  shales.  These  may 
be  the  lower  portion  of  the  Green  River  group.  Below  are  the  variegated 
greenish,  yellow,  and  red  marls  and  shales,  separated  by  bands  of  lami- 
nated sandstone.  The  latter  are  not  persistent,  but  often  entirely  &de 
out.  On  Grand  Biver  I  counted  five  separate  bands,  which  varied  in 
thickness.  At  one  place  they  were  50  to  75  feet  thick,  and  a  short  dis- 
tance beyond  only  5  or  10  feet.  Some  of  these  sandstones  are  pick, 
others  yellow  or  greenish,  in  tint.  In  most  places  the  variegated  beds 
weather  into  the  columns,  spires,  and  other  forms  so  characteristic  of 
Bad  Laiifh,  These  beds  are  the  same  that  in  1874  were  referred  to  the 
Green  Biver  group,  in  which  was  included  the  Wahsatch  group  (Beport 
1874,  p.  15G).  From  the  beds  on  Plateau  Creek  the  following  vertebrate 
remains  were  obtained:  CrocodUuSj  EmySy  TrionyXj  Pappichthys. 

In  the  Cactus  Valley,  a  low  mesa  extends  southward  from  the  Grand 
Uogback  Bange  east  of  Bifle  Creek.  In  the  blufi,  on  the  east  side  of 
this  mesa,  tiie  following  fossil  plautB  were  found:  Rhamnus^  species  new, 
Aralia  (jracilis.  Of  these  Professor  Lesquereux  says:  "No.  6  (the  num- 
ber of  tiie  specimens)  has  two  species  only,  a  new  species  of  Bhamnus 
like  R.  Goldianus,  Lesqx.  (Lower  Lignite),  but  with  a  somewhat  different 
nervation,  more  like  speeies  of  the  Lower  Miocene  of  Europe.  Aralia 
{AraliopstH)  gracilis,  Li*sqx.,  is  a  very  fine  species,  as  yet  represented  by 
one  specimen  only  from  Bridger  Pass.  Again  he  says:  "  Siiecimens  No. 
5  are  Upper  Eocene  t"  Similar  beds,  holding  the  same  stmtigraphical 
relation  to  the  Green  Biver  Group  as  these,  outcrop  in  Dr.  \VIiite*«  dis- 
trict. He  will  discuss  the  question  of  their  age  more  at  length  in  con- 
nection with  the  evidence  furnished  by  paleontology. 

GREEN  RIVEU  GROUP. 

The  white  shales  mark  the  beds  of  the  Green  Biver  group  all  along 
the  Book  Clift's.  They  consist  of  indurated,  argillaceous,  calcareous, 
and  arenaceous  shah's.  AVhen  broken,  tliey  are  generally  dark-colored 
inside.  Toward  the  west  there  are  layers  of  groen  and  wliite  fissile  shales. 
At  Station  20  the  summit  of  the  cliffs  is  a  yellow  f»andstone,  and  all 
along  the  divide  in  this  neighborhood  there  is  an  oolitic  limestone  that 
comes  in  near  the  summit. 

At  the  Cliff  Spring  the  shales  contain  fossils  in  at  least  two  different 
layers. 

The  following  is  the  general  section : 
Top.  Feet. 

1.  Sandstones,  limestones,  and  shales 40 

2,  Argillaceous  shales,  dark  colored,  containing  fossils  ^o.  1.-  ) 

.'3.  Thin  white  shales,  probably  calcareous  and  argillaceous...  >       133 

4.  Dark  argillaceous  shales,  containing  fossils  No.  13 ) 

5.  White  arenaceous  and  argillaceous  shales  to  base  of  cliff. 

The  angle  of  dip  is  about  4^,  and  the  inclination  is  a  little  east  of 
north. 
The  ibssils  from  layer  2  are — 
rianrra  Unrjeri^  lleer. 
rianera  longf/olia,  Lesqx. 
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Myrica  latiloba^  Heer. 
Fraxinus  prcedictay  Heer. 
Myrica  acuminataj  XJug, 
Sapindus  angustifoliaj  Lesqx. 
Myrica  Copeatuiy  Lesqx. 
Spicifer  buds  of  Equisetum. 
From  layer  No.  4  the  following  were  obtained : 
Plancra  Umgifolia. 
SSpicifer  buds  of  Equisetum. 

At  camp  37,  near  Statfon  27,  the  cliffis  were  again  fouud  to  be  fossil* 
iferous. 
The  following  is  the  section  : 

Top. 

1.  Limestone,  white  and  crystalline  shales. 

2.  Greenish- gray  sandstone  with  fossils  No.  4. 

3.  Dark  argillaceous  shales  with  fossils  No.  3.    These  fossils  are  about 
10  feet  below  No.  1. 

4.  White  shales  to  base  of  cliffs. 
Fossils  No.  3  are  the  following : 
Myrica  latilobaj  Heer. 
Myrica  acuminataj  Ung. 
Sapindus  angusiifolia^  Lesqx. 
Sapindus 1 

Ilex  affiniSj  Lesqx. 

Stem  of  Equisetum. 

Crushed  feathers!  or  hairs. 

Fossils  No.  4  are — 

Myrica  latilobaj  Heer. 

Myrica  acumijiataj  Ung. 

Sapindus  angustifolia. 

Myrica  undulata^  Lesqx. 

For  these  identifications  I  am  indebted  to  the  kindness  of  Professor 
Lesquereux,  to  whom  the  specimens  were  submitted.  Professor  Les- 
quereux  says:  ^^All  the  specimens  represented  from  No.  1  to  No.  4  show 
evidently  the  same  formation,  that  of  the  Green  River  group,  or  Mio- 
cene, as  it  is  represented  at  Elko  Station,  Middle,  and  especially  South 
Park,  &c.  I  have  specimens  of  most  of  the  species  indicated  in  your 
table  from  the  localities  here  named,  Florissant,  Gastello  Kanch,  &c« 
The  small  cones,  spicifer  buds  of  Equisetum^  are  very  tine  and  new.*' 

The  following  is  a  general  section  of  the  Green  River  group  in  the 
clifiTs  east  of  Station  27.  It  does  not  include  the  entire  thickness,  as  a 
portion  of  the  upper  beds  has  been  removed  by  erosion. 

Section, 
Top.  Feet 

1.  Indurated  argillaceous,  arenaceous,  and  calcareous  shales, 

with  thin  bands  of  limestone  near  the  top.    These  shales 
weather  white,  but  when  broken  are  generally  dark  inside. 

2.  Rusty  colored  sandstones  with  interlaminated  shales y  1,600 

3.  Thin  greenish  argillaceous  shales,  with  bands  of  laminated 

sandstone 

4.  Rusty  laminated  sandstones 

This  thickness  was  measured  with  an  aneroid  barometer.  The  section 
at  White  Mountain  is  given  in  the  table  on  p.  183. 

It  is  in  bed  No.  1,  of  the  section  just  given,  that  fossils  Nos.  3  and  4 
were  obtained. 
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lEPORT  ON  THE  GEOLOGY  OF  THE  SIERRA  ABAJO  AND  WEST 

SAN  MIGUEL  MOUNTAINS. 


By  W.  H.  Holmes. 


la  the  sammer  of  1876  I  accompanied  Mr.  Wilson,  director  of  the 
Primary  triangalation,  to  the  Sierra  Abajo  or  Low  Monntains  of  South- 
it  Utah.  We  approached  them  from  the  east,  by  way  of  the  old 
Ipanish  trail,  which  led  us  around  the  south  base  of  the  La  Plata  Moun- 

UDS  and  across  the  Great  Sage  Plain.  It  was  not  difficult  to  i*ecognize 
bhe  various  features  of  the  country  west  of  the  south  bend  of  the  Bio 

Dolores  by  the  descriptions  of  Dr.  dewberry,  recently  published.  Leav- 
ling  the  Dolores  at  the  point  touched  by  the  trail,  we  passed  up  to  the 
south  over  the  bluffs  of  the  Dakota  sandstones,  and  found  smooth, 
monotonous  traveling  over  the  almost  unbroiien  plain.  Considerable 
areas  of  the  fossil-bearing  shales  of  the  Middle  Gretaceous  were  observed 
in  localities  subject  to  the  least  amount  of  drainage,  but  the  main  floor 
of  the  plain  is  composed  of  the  Dakota  sandstones. 

Ten  miles  out  we  came  upon  a  shallow  wash  in  which  was  a  spring. 
A  small  band  of  Utes  was  encamped  here,  and  on  the  west  bank  of  the 
ravine  extensive  ruins  were  noticed.  This  is  probably  the  Surouara  of 
Dr.  Newberry.  At  night  we  made  camp  in  a  pretty  little  valley  about 
midway  between  the  Dolores  and  the  Sierra  Abajo.  At  this  place  a 
small  spring  issues  from  the  lower  slope  of  the  Cretaceous  bluff,  and 
affords  water  enough  for  a  small  party.  On  the  following  day  we  left 
the  tortuous  trail,  which  seemed  to  be  leading  northward  toward  the 
Sierra  la  Sal,  and  rode  directly  westward.  After  some  40  miles  travel 
we  struck  the  caQon  of  the  Montezuma  near  its  head,  and,  crossing  this, 
encamped  in  the  evening  close  under  the  east  slope  of  the  Sierra  Abajo. 

In  traveling  85  miles  we  had  not  changed  altitude  more  than  500  feet, 
and  had  not  varied  200  feet  above  or  below  the  geologic  horizon  that 
separates  the  Middle  and  Lower  Cretaceous  strata.  The  floor  of  the 
plain  is  everywhere  of  the  Lower  Cretaceous  sandstones,  which  have 
generally  a  eentle  southern  dip.  Small  areas  of  the  shales  remain  on 
the  less  eroded  districts.  In  no  case  do  the  stream -courses  penetrate  to 
the  Bed  Beds.  At  the  point  of  crossing,  the  Montezuma  Caiion  is  only 
150  feet  in  depth,  and  the  walls  are  composed  at  the  top  of  about  40  feet 
of  massive,  yellowish  sandstones,  beneath  which  are  soft  sandstones  and 
shales,  mostly  covered  with  dibria.  The  altitude  at  the  crossing  is  6,200 
feet  above  sea-level.  From  the  caiion,  which  runs  north  and  south,  a 
gentle  slope  of  9  or  10  miles  leads  up  to  the  base  of  the  steeper  faces  of 
the  monntains.  The  sketch  (Plate  XIII,)  taken  from  theeast  bank  of  the 
Montezuma  Canon,  will  give  a  good  idea  of  the  general  appearance  of 
the  eastern  face  of  the  group.  There  is  nothing  striking  in  the  outlines 
of  the  mountains,  and  there  is  a  total  absence  of  the  bold  forms  and 
naked  rock-masses  that  characterize  the  larger  groups  to  the  east. 

We  encamped  at  the  base  of  the  principal  eastern  spur,  where  we 
were  unfortunately  detained  for  three  days  by  a  rain  and  snow  storm. 
On  the  fourth  day,  the  19th  of  September,  we  succeeded  in  making 
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the  ascent  of  the  main  sammit.  A  steep  ridge,  with  steep,  smooth 
sides,  projects  4  or  5.  miles  to  the  east  from  the  main  crest,  np  which 
we  were  able  to  ride  to  the  highest  point.  This  point  is  only  slightly 
higher  than  a  number  of  other  summits  to  the  west  and  north,  and  is 
by  no  means  a  marked  peak :  it  is  simply  the  highest  point  of  a  long 
eaBt  and  west  ridge.  Hero  Mr.  Wilson  made  the  desired  primary  tri- 
angulation  station.  We  were  unable,  however,  to  build  a  monument, 
as  a  foot  or  more  of  snow  obscured  the  trachytic  shingle  that  abounds 
near  the  summit.  The  latitude  of  our  station  was  determined  to  be 
370  50^  the  longitude  lOQo  27^  It  is  therefore  about  23  miles  west  of 
the  Colorado  line,  and  58  miles  north  of  the  line  of  Arizona. 

The  Tiew  from  the  summit  is  one  of  more  than  ordinary  interest^  since 
within  the  circle  of  vision  there  is  much  that  has  never  passed  beneath 
the  explorer's  eye.  To  the  eastward  the  view  is  only  interrupted  by 
the  La  Plata  and  San  Juan  Mountains,  100  miles  away.  In  the  south 
are  the  Sierra  Carriso,  in  the  west  the  Qenry  Mountains,  and  to  the 
north  the  Sierra  La  Sal,  all  in  plain  view,  yet  outlining  a  circle  nearly 
150  miles  in  diameter,  and  including  an  area  of  20,000  square  miles. 
This  vast  area  lies  beneath  us  a  silent  desert,  a  plateau  land  cut  by 
innumerable  waterless  canons,  and  dotted  with  a  thousand  fancifully 
carved  and  brilliantly  colored  rocks. 

To  the  south  lies  the  broad  valley  of  the  Bio  San  Juan,  the  delicate 
thread  of  green  that  lines  its  bank  being  barely  visible  through  the 
notches  cut  by  the  deep  side  caiions.  Beneath  us  on  the  west,  yet 
many  miles  away,  is  the  Bio  Colorado,  its  general  course  scarcely  trace- 
able through  the  labarynth  of  cliffs  and  canons.  These  two  streams 
join  in  Utah,  about  100  miles  to  the  southwest.  The  lower  course  of 
the  San  Juan  can  be  followed  by  the  eye  until  it  passes  the  north  base 
of  Navajo  Mountain,  a  massive  dome-shaped  butte  that  lies  a  little  to 
the  southeast  of  the  junction.  In  the  angle  between  these  streams 
there  is  a  high  red  table-land,  the  Beai^s  Ears  Plateau,  which  seems  to 
be  pretty  nearly  separated  from  the  surrounding  table-lands.  It  seems 
to  extend  to  the  San  Juan  on  the  south,  and  far  out  toward  the  Colorado 
on  the  west,  while  the  deep  drainage  courses  that  extend  north  and 
south  from  the  Sierra  Abajo  sever  it  from  the  Great  Sage  Plain.  It  is 
also  severed  from  the  Abajo  by  a  low  depression  produced  by  the  meet- 
ing of  the  northern  and  southern  drainage  along  the  west  base  of  the 
Abajo  group.  As  far  as  the  eye  can  reach,  the  strata,  excepting  on  the 
eastern  border,  are  nearly  horizontal,  and  there  are  only  a  few  low 
buttes  that  rise  above  the  general  level  of  the  plateau.  Of  these  buttes 
the  two  known  by  the  Mexicans  as  Or^os  OsOy  and  two  or  three  inferior 
ones  a  few  miles  further  north  are  distinctly  visible.  From  the  interior 
of  the  plateau  deep  canons  open  out  to  the  San  Juan  on  the  south  and 
the  Colorado  on  the  west,  which  show  in  their  steep  faces  the  brilliant 
colors  of  the  lower  Mesozoic  formations.  It  is  probable  that  the  sur- 
face strata  at  least  are  of  this  age,  but  the  PalsBOzoic  rocks  are  doubt- 
less exposed  in  the  caiions  of  the  San  Juan  and  Colorado,  as  well  as  in 
the  deeper  side  canons.  Tbis  triangular  area  comprises  nearly  2,001) 
square  miles,  and  is  probably  one  of  the  most  thoroughly  barren  districts 
ot  the  great  Colorado  basin. 

On  the  east  the  Bear's  Ears  Plateau  ends  in  a  great  monoclinal  fold, 
with  the  down-throw  on  the  east.  The  Cretaceous  floor  of  the  Sage 
Plain  extends  westward  to  the  line  of  this  fold,  and  occupies  about  the 
»amc  absolute  horizon  as  the  middle  portion  of  the  Triassic  formations 
to  the  west.  The  throw  of  the  fold  would  therefore  bo  approximately 
1,000  feet.    Although  the  amount  of  displacement  is  so  slight  the  fold  is 
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easily  traced  by  a  nainber  of  monoclioal  valleys  that  follow  its  axis 
from  the  base  of  the  Abajo  group  to  the  San  Juan.  The  ridges  that 
separate  these  valleys  have  smooth,  sloping  faces  to  the  east,  and  one 
of  them,  which  presents  a  continuous  line  of  white  or  pinkish  faces,  can 
be  traced  soath  to  the  San  Juan,  and  far  beyond  into  ^izona.  Macomb 
and  Epsom  Creeks  on  the  north,  and  the  Bio  de  Chelly  on  the  south, 
occupy  the  more  prominent  of  these  valleys. 

Beyond  the  San  Juan,  to  the  southwest,  the  wonderful  forms  of 
Monumental  Valley  can  be  seen ;  beyond  this  the  outlines  of  a  broad 
tableland  can  be  made  out,  which  extends  eastward  from  Navajo 
MoQDtain  toward  the  Bio  de  Chelly,  and  southward  toward  the  Moqui 
country,  probably  connecting  there  with  the  "  Great  White  Mesa.'' 

West  of  our  station,  which  is  near  the  eastern  border  of  the  Abajo 
group,  are  a  number  of  small  partially  isolated  groups  of  mountains, 
which  obscure  portions  of  the  plateau  country  beyond.  The  formations 
near  the  west  base  of  the  mountains  are  certainly  of  the  Jura-Trias  Bed 
Beds;  beyond  these  we  have  glimpses  of  the  caiioned  region  of  the 
Bio  Colorado,  with  its  almost  infinite  series  of  red,  gray,  and  whitish 
cliffs.  Bising  out  of  this  broken  plateau  region  are  the  Henry  Mount- 
ains. Their  outlines,  as  well  as  much  of  the  detail  of  form,  could  be  made 
out  by  aid  of  the  field-glass.  They  appeared  to  resemble  very  closely  the 
vorious  groups  of  trachytic  mountains  that  lie  along  the  eastern  border 
of  the  Colorado  Plateau.  The  nearest  peak  of  this  group  is  distant 
about  70  miles  from  this  station. 

The  Sierra  La  Sal  is  a  large  group  of  mountains  that  lies  directly 
north  of  the  Abajo  at  a  distance  to  the  central  peaks  of  some  40  miles. 
There  are  a  number  of  finely-shaped  summits,  somewhat  conical  in 
shape,  that  fall  off  to  the  level  of  the  surrounding  plateau  in  long,  steep 
slopes.  This  group  stands  quite  alone,  and  is  surrounded  for  the  most 
part  by  red  rocks,  but  a  series  of  shelving-spurs  on  the  east  and  west 
probably  retain  a  capping  of  the  Lower  Cretaceous  rocks. 

Between  the  Abajo  and  Sierra  La  Sal  is  a  broad  valley  of  rather  ex- 
traordinary configuration.  It  is  drained  by  the  Cailon  Colorado  of  Dr. 
Newberry,  but  from  this  point  no  particular  caiion  can  be  traced.  We 
see  only  a  broad,  depressed  area,  which  falls  off  in  a  succession  of 
irregular  cliffs  from  the  western  border  of  the  Sage  Plain  to  the  Bio 
Colorado,  over  the  whole  surtace  of  which  are  a  multitude  of  masses  of 
leaked  rock,  white,  red,  and  gray  ridges,  hillocks,  and  monuments 
smoothed  and  rounded  by  the  winds  and  water,  the  whole  being  as 
luonotonous,  except  for  the  occasional  lines  of  clifi's,  as  a  chopped  sea. 
,  The  eastern  rim  of  this  valley  extends  considerably  to  the  east  of  a 
line  drawn  between  the  two  groups  of  mountains,  and  in  the  middle 
P'^rt  two  or  more  caiioned  valleys  penetrate  the  plateau-face  of  the 
^age  Plain,  and  extend  many  miles  eastward  toward  the  Bio  Dolores. 
^  glance  at  the  panorama  will  make  the  topographic  features  of  this 
region  clear. 

The  Abajo  group,  as  will  be  readily  seen,  lies  on  the  western  border 
of  the  Great  Sage  Plain.  The  western  limit  of  the  Lower  Cretaceous 
formation  is  uniform  with  that  of  the  plain ;  south  of  the  Abajo  it 
terminates  against  the  eastern  base  of  the  Bear's  Ears  Plateau,  while 
north  of  the  Abajo  it  breaks  off  in  the  high  escarped  cliffs  that  overlook 
the  valley  of  Canon  Colorado.  The  dip  of  the  strata  of  the  plain  is 
almost  uniformly  to  the  south  and  southeast.,  so  that  the  drainage  is 
turned  back  in  those  directions  from  the  western  and  northern  borders, 
leaving  but  little  surface  tributary  to  the  Colorado  and  Dolores  Bivers. 

The  Sierra  Abajo  consist  of  a  number  of  small  groups  of  volcanio 
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sammits.  The  tracbyte  of  which  they  are  formed  seems  to  have  reached 
its  present  place  through  a  number  of  channels,  although  probably 
from  the  same  nucleus.  The  masses  now  exposed  were  doubtless  forced 
up  through  narrow  crevices  or  apertures  until  the  yielding  formations 
of  the  Middle  Cretaceous  were  reached,  where  the  melted  material 
spread  out  to  the  right  and  loft  in  great  masses  and  sheets.  The  shales 
are  still  found  in  all  parts  of  the  group,  caught  up  in  a  manner  identical 
with  that  observed  in  the  Late  and  Carriso  Mountains,  and  the  lows;  ''iles 
between  the  various  groups  of  summits  are  invariably  of  these  buales. 

All  along  the  east  and  south  bases  of  the  mountains  the  sandstones 
of  the  Dakota  group  are  turned  up  at  high  angles.  Near  camp,  at  the 
base  of  the  primary  triangulation  station,  a  double  row  of  hogbacks 
composed  of  these  sandstones  skirt  the  flanks  of  the  hills.  They  are 
somewhat  metamorphosed  and  have  a  dip  of  45^.  The  slopes  above  these 
outcrops  are  for  the  most  part  covered  with  grass  and  bushes  or  with 
loose  slides  of  finely  broken  trachyte.  In  a  number  of  places,  however, 
there  are  outcrops  of  variegated  shales  and  slates,  and  toward  the  sum- 
mits considerable  masses  of  trachyte  protrude. 

The  tendency  in  all  parts  of  the  mountains  is  to  weather  into  smooth, 
rounded  forms,  owing,  perhaps,  to  the  homogeneous  and  rather  slightly 
compacted  character  of  the  trachyte.  Remarkable  uniformity  is  notice- 
able in  the  height  of  the  various  summits,  and  some  are  nearly  flat- 
topped.  As  their  general  height  above  the  surrounding  floor  of  the  Da- 
kota sandstones  represents  so  nearly  the  thickness  of  the  Cretaceous 
shales,  the  idea  is  suggested  that  possibly  the  great  mass  of  trachyte 
did  not  penetrate  the  very  massive  sandstones  of  the  Upper  Cretaceous, 
which  at  that  time  must  have  covered  the  whole  region. 

There  are  four  principal  groups  of  mountains  which,  together,  cover 
an  area  of  some  150  square  miles.  Their  arrangement  is  such  that  the 
total  extent  is  a  little  greater  northwest  and  southeast,  but  the  trend  is 
not  sufficiently  marked  to  make  a  well-defined  range.  The  southeastern 
section  is  the  only  one  that  comes  within  the  limits  of  the  Colorado  sur- 
vey. This  is  the  group  usually  seen  from  the  east,  and  its  character  will 
be  understood  by  reference  to  Plate  XIII.  Our  stsitiou  was  made  on  the 
central  summit.  At  the  south  end  is  a  prominent  point  almost  as  high 
as  our  station,  which  presents  a  sharper  summit  and  more  abrupt  faces 
than  any  other  of  the  entire  Sierra. 

The  drainage  of  the  north  and  east  faces  of  this  group  belongs  to 
West  Montezuma  Creek,  while  that  of  the  south  and  west  is  appar- 
ently tributary  to  western  branches  of  the  same  stream.  The  extreme 
lie^  of  the  Montezuma  seems  to  be  northwest  of  our  station,  between  the 
second  and  third  groups  of  mountains.  From  this  point  it  circles  around 
to  the  northeast  and  south,  passing  near  the  north  edge  of  the  Sage 
Plain  opposite  the  head  of  Cold  Spring  Caiion.  The  canon  begins  at  a 
IK)int  near  the  east  base  of  the  mountains  and  rapidly  deepens  toward 
the  San  Juan.  In  the  middle  part  it  is  upward  of  1,000  feet  in  depth, 
and  the  red  rocks  of  the  Jura-Trias  are  exposed.  Between  the  base 
of  the  mountains  and  the  Montezuma  Canon  there  is  a  considerable 
area  occupied  by  the  Cretaceous  shales.  East  of  the  caiion  the  shales 
only  occur  on  the  higher  and  more  protected  spots. 

Although  the  country  which  surrounds  this  group  of  mountains  is 
desert-like  in  the  extreme,  there  is  a  narrow  belt  about  the  flanks  and 
lower  slopes  that  abounds  in  vegetation.  Considerable  forests  of  piuon 
pines  orcur  about  the  caiioned  region  to  the  east  and  south.  Large 
groups  of  these  frees  are  also  scattered  at  intervals  over  the  greater 
parts  of  the  Sage  Plain.    Groves  of  large  yellow  pines  skirt  the  imme- 
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easily  traced  by  a  nainber  of  moDoclioal  valleys  that  follow  its  axis 
from  the  base  of  the  Abajo  group  to  the  San  Juan.  The  ridges  that 
separate  these  valleys  have  smooth,  sloping  faces  to  the  east,  and  one 
of  them,  which  presents  a  continuons  line  of  white  or  pinkish  faces,  can 
be  traced  sonth  to  the  San  Juan,  and  far  beyond  into  Arizona.  Macomb 
and  Epsom  Creei^s  on  the  north,  and  the  Bio  de  Ghelly  on  the  south, 
occupy  the  more  prominent  of  these  valleys. 

Beyond  the  San  Juan,  to  the  southwest,  the  wonderful  forms  of 
Monumental  Valley  can  be  seen ;  beyond  this  the  outlines  of  a  broad 
table-land  can  be  made  out,  which  extends  eastward  from  Navajo 
Mountain  toward  the  Bio  de  Ghelly,  and  southward  toward  the  Moqui 
country,  probably  connecting  there  with  the  "  Great  White  Mesa.'' 

West  of  our  station,  which  is  near  the  eastern  border  of  the  Abajo 
group,  are  a  number  of  small  partially  isolated  groups  of  mountains, 
which  obscure  portions  of  the  plateau  country  beyond.  The  formations 
near  the  west  base  of  the  mountains  are  certainly  of  the  Jura-Trias  Bed 
Beds;  beyond  these  we  have  glimpses  of  the  cailoned  region  of  the 
Bio  Golorado,  with  its  almost  infinite  series  of  red,  gray,  and  whitish 
cliffs.  Bisiug  out  of  this  broken  plateau  region  are  the  Henry  Mount- 
ains. Their  outlines,  as  well  as  much  of  the  detail  of  form,  could  be  made 
out  by  ai<l  of  the  field-glass.  They  appeared  to  resemble  very  closely  the 
vorious  groups  of  trachytic  mountains  that  lie  along  the  eastern  border 
of  the  Golorado  Plateau.  The  nearest  peak  of  this  group  is  distant 
about  70  miles  from  this  station. 

The  Sierra  La  Sal  is  a  large  group  of  mountains  that  lies  directly 
north  of  the  Abajo  at  a  distance  to  the  central  peaks  of  some  40  miles. 
There  are  a  number  of  finely-shaped  summits,  somewhat  conical  in 
shape,  that  fall  off  to  the  level  of  the  surrounding  plateau  in  long,  steep 
slopes.  This  group  stands  quite  alone,  and  is  surroundeil  for  the  most 
part  by  red  rocks,  but  a  series  of  shelving-spurs  on  the  east  and  west 
probably  retain  a  capping  of  the  Lower  Gretaceous  rocks. 

Between  the  Abajo  and  Sierra  La  Sal  is  a  broad  valley  of  rather  ex- 
traordinary configuration.  It  is  drained  by  the  Gaiion  Colorado  of  Dr. 
Newberry,  but  from  this  point  no  particular  caiion  can  be  traced.  We 
see  otily  a  broad,  depressed  area,  which  falls  off  in  a  succession  of 
irregular  clifls  from  the  western  border  of  the  Sage  Plain  to  the  Bio 
Colorado,  over  the  whole  surtace  of  which  are  a  multitude  of  masses  of 
naked  rock,  white,  red,  and  gray  ridges,  hillocks,  and  monuments 
smoothed  and  rounded  by  the  winds  and  water,  the  whole  being  as 
monotonous,  except  for  the  occasional  lines  of  cliffs,  as  a  chopped  sea. 

The  eastern  rim  of  this  valley  extends  considerably  to  the  east  of  a 
line  drawn  between  the  two  groups  of  mountains,  and  in  the  middle 
part  two  or  more  cauoned  valleys  penetrate  the  plateau-face  of  the 
Sage  Plain,  and  extend  many  miles  eastward  toward  the  Bio  Dolores. 
A  glance  at  the  panorama  will  make  the  topographic  features  of  this 
region  clear. 

The  Abajo  group,  as  will  be  readily  seen,  lies  on  the  western  border 
of  the  Great  Sage  Plain.  The  western  limit  of  the  Lower  Cretaceous 
formation  is  uniform  with  that  of  the  plain ;  south  of  the  Abajo  it 
terminates  against  the  eastern  base  of  the  Bear's  Ears  Plateau,  while 
north  of  the  Abajo  it  breaks  off  in  the  high  escarped  cliffs  that  overlook 
the  valley  of  Canon  Golorado.  The  dip  of  the  strata  of  the  plain  is 
almost  uniformly  to  the  south  and  southeast,  so  that  the  drainage  is 
turned  back  in  those  directions  from  the  western  and  northern  borders, 
leaving  but  little  surface  tributary  to  the  Colorado  and  Dolores  Bivers. 

The  Sierra  Abajo  consist  of  a  number  of  small  groups  of  volcanic 
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diate  bases  of  tbe  moaDtaiDs  and  many  dense  clumps  of  spruces  grow 
in  tbe  more  sheltered  spots  aboat  the  summits.  Cousiderable  areas  are 
covered  by  quaking-aspens  and  scrub-oaks,  and  on  the  rich  alluvial  de- 
I>osits  at  the  base  of  the  steeper  slopes  there  is  a  dense  growth  of  wild 
cherry,  service-berry,  and  other  bushes.  There  is  also  much  good  grass, 
but  the  omnipresent  sage-brush  is  the  chief  product  of  the  surrounding 
plain.  There  was  running-water  in  a  few  of  the  stream-courses,  but  not 
in  any  case  a  sufficient  quantity  to  be  utilized  for  iixigation. 

DOLORES  OA^ON* 

On  leaving  the  Abajo  Peak  our  party  marched  eastward  toward  Lone 
Gone,  the  most  westerly  point  of  the  San  Miguel  Mountains.  Although 
the  two  points  are  distant  from  each  other  about  80  miles,  both  are 
in  plain  view  throughout  the  greater  part  of  the  distance.  Midway  be- 
tween the  two  points  the  plain  is  cut  by.  the  cailon  of  the  Bio  Dolores. 
We  were  led  to  hope,  from  the  fact  that  a  dim  trail  extended  eastward 
from  the  base  of  the  Abajo,  that  we  should  be  able  to  find  a  passage 
across  tbe  river  without  varying  much  from  a  direct  course,  but  were 
much  amazed  to  find  ourselves  brought  suddenly  to  a  standstill  on  the 
brink  of  a  deep  and  impassable  caiion.  I  made  no  attempt  to  descend 
the  walls  or  to  make  detailed  examinations,  as  we  were  still  60  miles 
from  the  main  camp  and  entirely  out  of  provisions.  TVe  estimated  the 
depth  of  the  cauon  to  be  at  least  1,800  feet,  and  subsequent  calculations 
placed  it  at  upwards  of  2,000.  Tbe  Dakota  sandstones  form  the  upper 
line  of  cliffs.  These  are  followed  by  about  800  feet  of  Lower  Dakota 
and  Jurassic  strata  which  form  a  steep,  cliff-broken  slope;  beneath 
these  were  the  precipitous  water-polished  faces  of  the  massive  red  sand- 
stonea.  The  opposing  walls  in  tbe  lower  part  of  the  gorge  were  so 
steep  and  so  close  together  that  we  were  unable  to  get  even  a  glimpse 
of  the  stream.  Tbe  accompanying  sketch  will  convey  a  clear  idea  of 
the  appearance  of  this  interesting  canon. 

Turning  to  the  south  along  the  brink  of  the  cafion,  a  march  of  20  miles 
brought  us  to  a  point  where  I  had  crossed  in  1875.  On  the  second  day 
following,  Mr.  Wilson  reached  and  made  a  station  on  Lone  Cone,  and  on 
the  same  evening  reached  the  main  camp,  which  had  been  made  on  a 
branch  of  the  Rio  San  Miguel.  MiEsantime  I  had  gone  on  in  advance  of 
Mr.  Wilson  and  made  some  hasty  examinations  in  the  Central  or  Dolores 
group  of  the  San  Miguel  Mountains.  Thus  completing  within  a  period 
of  84  hours  the  examination  of  two  important  mountain  groups,  distant 
from  each  other  fully  100  miles.  This  great  haste  was  necessitated  by 
circumstances  over  which  we  had  no  control. 

SAN  MIGUEL  MOUNTAINS. 

The  San  Miguel  Mountains  lie  in  the  extreme  northeastern  corner  of 
the  district  assigned  to  me  in  1875,  and  on  the  divide  between  the  waters 
of  the  Animas  and  Upper  Dolores  on  the  south,  and  the  Eio  San  Miguel 
on  the  north.  They  constitute  a  pretty  distinct  group,  the  most  westerly 
of  the  San  Juan  system  of  mountains,  and  form  the  extreme  western 
angle  of  the  great  Colorado  highland.  There  are  three  distinct  groups, 
the  eastern  one  being  the  principal ;  of  this.  Mount  Wilson  is  the  chief 
summit,  and  '^Lizard's  Head"  the  most  easterly  summit.  This  group  is 
separated  from  the  Middle  or  Dolores  group  by  a  low  saddle  which  has 
been  produced  by  the  meeting  of  tbe  headwaters  of  the  Dolores  and  a 
branch  of  the  San  Miguel  from  opposite  sides.    Dr.  Endlich  visited  the 
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eastern  group  in  1875,  and  has  described  its  structure  in  the  report  for 
that  year.  This  is  one  of  the  finest  groups  of  summits  in  the  Bocky 
Mountains^  and  viewed  from  the  north  presents  a  magnificent  panorama. 
The  geologic  structure  of  tlie  western  half  is  quite  simple.  AH  of  that 
portion  of  the  summits  that  rises  above  1,200  feet  is  of  trachyte.  This 
is  underlaid  by  Cretaceous  shales,  in  a  horizontal  position.  Interbedded 
with  the  shales  are  a  great  number  of  sheets  of  trachyte.  These  are 
somewhat  variable  in  thickness  aod  manner  of  occurrence,  and  seem 
to  decrease  in  number  and  importance  in  descending  from  the  maia 
trachyte  mass. 

The  divide  between  the  eastern  and  middle  groups  has  an  altitude  of 
11,500  feet,  and  seems  only  to  be  preserved  at  its  present  height  by  a  — 
heavy  bridge-like  mass  of  trachyte,  which  connects  across  from  group 
to  group  and  prevents  the  degradation  of  the  soft  shales  beneath.  Iq 
the  heads  of  the  valleys  north  and  south  of  this  divide  there  is  a  suc- 
cession of  irregular  shelves  or  steps  produced  by  outcropping  edges  of 
sheet!)  and  masses  of  trachyte. 

The  Dolores  group  is  a  small,  compact  cluster  of  summits,  a  number 
of  which  rise  to  the  height  of  13,000  feet.  From  the  central  peak  three 
narrow  crests  radiate,  one  to  the  north,  one  to  the  east,  and  the  other 
to  the  southwest.  Dolores  l^eak  is  the  outer  point  of  the  eastern  ray, 
and  is  dii'ectly  connected  by  the  saddle  mentioned  above  with  the  Wil-  [" 
son  gi*oup.  I'he  geological  structure  is  identical  with  that  group.  The  - 
northern  arm  falls  off  abruptly  to  the  north  and  terminates  in  a  sharp 
tnichytic  butte  which  overlooks  the  cafion  of  the  liio  San  Miguel.  The 
southwest  arm  connects  with  the  low  masses  of  the  Lone  Cone  group. 
The  conical  peak  called  Lone  Cone  is  a  very  prominent  landmark,  over- 
looking, as  it  does,  all  the  great  plateau  region  to  the  south  and  west. 
The  summit  rises  to  the  height  of  12,500  feet,  and  in  shape  resembles  a  {T 
triangular  pyramid.  The  pyramidal  part  is  a  bare  mass  of  grayish  tra- 
chyte, which  rests  on  a  base  of  horizontal  shales.  On  the  southeast  and 
northeast  sides;  the  shales  have  fallen  away  from  beneath  the  trachyte 
so  that  verticiil  faces,  from  100  to  200  feet  in  height,  have  been  formed 
by  the  breaking  down  of  the  trachyte.  On  the  west  the  long  slides 
of  trachytic  dSbris  make  the  summit  easily  accessible.  The  shales 
about  the  base  of  the  pyramid  seem  to  be  somewhat  metamorphosed, 
and  there  is  doubtless  considerable^  interbedded  trachyte,  but  a  dense 
growth  of  pine  timber  completely  covers  the  middle  slopes  and  makes 
investigation  very  difiicult. 

From  the  southeast  angle  of  the  pyramid  a  high,  timbered  ridge  ex- 
tends out  to  the  most  southerly  summit  of  the  group.  This  peak  is 
conical  in  shape,  but  is  inferior  in  height  to  Lone  Cone.  The  summit 
is  of  trachyte,  but  the  timber  reaches  so  high  that  the  shale^s,  which 
very  probably  lie  beneath,  are  not  visible.  In  the  ridges  or  saddles 
which  connect  this  point  with  the  Dolores  group  and  Lone  Cone  there 
are  occasiotial  outerops  of  shales  and  trachytes,  as  in  the  saddle  be- 
tween the  Dolores  and  Eastern  groups.  South  of  this  point  there  is 
another  large  mass  of  trachyte,  the  relations  of  which  to  the  surround- 
ing rocks  1  could  not  clearly  make  out.  The  trachyte  caps  two  low, 
massive,  partially  severed  ridges,  that  extend  down  toward  the  Dolores. 
From  the  south,  as  seen  in  1875,  it  seems  to  rest  u[K>n  the  Lower  Cre- 
taceous sandstones,  and  probably  at  the  southeast  upon  the  Ked  Beds. 

Thus  it  appears  that  the  San  Miguel  Mountains  comprise  at  least  five 
nearly  distinct  masses  of  trachyte,  four,  at  least,  of  which  rest  upon 
horizontal  Cretaceous  shells,  and  at  a  uniform  level  above  the  sea.  It 
seems  probable,  therefore,  that  they  all  belong  to  the  same  flow,  whioh 
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flow  may  have  had  its  source  far  to  the  east.  There  seems  at  least  to 
be  uo  evidence  of  vertical  flow  or  iutrusions  in  the  western  portions  of 
these  mountains.  The  trachyte  is  uniformly  gray  and  compact,  and, 
where  rising  above  timber-line,  weathers  into  the  usual  gothic  forms. 

The  streams  which  head  about  the  summits  descend  in  all  cases 
through  the  Cretaceous  shales,  and  at  the  immediate  bases  of  the  mount- 
ains reach  and  penetrate  the  hard  sandstones  of  the  Lower  Cretaceous, 
and  thus  the  caiions,  which  can  be  traced  by  the  eye  far  out  into  the 
surrounding  plains  and  plateaus,  have  their  beginning.  To  the  eye,  a 
more  lovely  region  than  that  about  these  mountains  cannot  be  found. 
The  steeper  slopes  are  covered  by  a  dense  growth  of  pine  forest,  and 
the  gentler  slopes  below  by  fine  aspen  forests,  interspersed  with  many 
park-like  openings  in  which  grass  and  flowers  grow  luxuriantly. 

BEAR  BrVEB  MOUNTAINS. 

South  of  the  San  Miguel  Mountains,  and  on  the  divide  between  the 
east  and  west  branches  of  the  Dolores,  there  is  a  group  of  low  mount- 
ains or  hills  in  which  there  has  been  considerable  disturbance  of  the 
strata.  A  number  of  the  higher  points  are  capped  by  trachyte  and 
penetrated  by  dikes.  Strictly  speaking,  this  little  range  is  but  a  frag- 
ment of  the  great  mountain  system  to  the  east,  from  which  it  has  been 
severed  by  the  great  valley  of  the  South  Dolores  or  Bear  Biver.  lu 
1875  Dr.  Eudlich  examined  the  high  region  to  the  east  and  found  it  to 
be  chiefly  Carboniferous.  He  failed  to  recognize  the  Jurassic  and  Trias- 
sic  formations,  and  therefore  makes  the  Lower  Cretaceous  strata  rest 
upon  the  Carboniferous.  Although  I  cannot  be  positive  on  this  point, 
I  feel  confident  that  strata  representing  these  ages  occur  all  along  the 
caiion  of  Bear  Biver,  and  extend  to  the  summits  of  the  Bear  Biver 
Mountains,  although  they  are  certainly  neither  equal  in  thickness  to 
nor  so  characteristically  marked  as  in  the  cafions  farther  south  and 
west. 

On  the  south,  west,  and  north  the  Mesozoic  rocks  rise  to  the  summits 
of  the  Bear  Biver  Mountains ;  on  the  south  and  west  they  soon  sink 
beneath  the  floor  of  the  great  plain,  and  to  the  north  pass  by  a  gentle 
dip  beneath  the  San  Miguel  Mountains. 

The  eastern  portions  of  the  group  seem  to  be  composed  of  Carbonif 
erous  rocks,  at  least  2,000  feet  of  which  are  exposed  between  the  sum 
inits  and  the  bed  of  Bear  Biver. 
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Sm  :  I  have  the  boDor  to  transmit  herewith  a  report  on  the  empted 
rocks  of  Colorado. 

This  memoir  is  entirely  distinct  from  my  regalar  geological  report  of 
operations  daring  the  season  of  187G,  heretofore  transmitted,  and  may 
be  published  independently. 

Very  respectfully,  your  obedient  serYant, 

F.  M.  BNDLIOa 
Dr.  F.  y.  Hayden, 

United  States  OeohgUt-in-charge. 
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ON  THE  ERUPTED  ROCKS  OF  COLORADO. 


By  F.  M.  Endlich,  D.  N.  8. 


CHAPTER   I. 

INTRODUCTION. 

Since  the  earliest  times  the  attention  of  observers  has  been  directed 
to  those  peculiar  mountains  which,  in  the  language  of  Pliny,  ^'send 
forth  fire,  smoke,  and  rocks.^  Active  volcanoes  first  led  to  speculations 
as  to  the  interior  of  the  earth,  as  to  the  conditions  existing  beneath  the 
fM)lid  exterior  crust.  Study,  developing  gradually  from  amid  the  mytho- 
logical and  fabulous  legends  of  medisBval  times,  began  to  compare  the 
various  occurrences  known  to  those  who  were  considered  the  masters  of 
science  and  the  magic  arts.  With  the  great  era  that  dawned  in  the 
time  of  Linnieus,  the  recognition  and  application  commenced  of  such 
features  as  seemed  more  or  less  correlated.  Hypotheses  were  formed 
upon  various  subjects,  theories  expounded,  and  life  was  infused  into 
what  heretofore  had  merely  been  regarded  as  meaningless  forms  or  the 
accidents  of  a  direct  creation. 

In  the  course  of  time,  after  the  famous  and  severe  struggle  between 
Neptunists  and  Plutonists  had  commenced,  the  rocks  composing  mount- 
ains  and  ranges  were  subjected  to  more  critical,  examination.  The  an- 
alogous results  were  pointed  out,  as  demonstrated  by  groups  of  varied 
occurrence,  and  from  these  results  were  drawn  conclusions  based  upon 
the  observations  of  existing  phenomena.  It  was  recognized  that  where 
now  nothing  but  rigid  rocks  were  found,  there  had  been  at  one  time  the 
most  violent  demonstratious  of  force.  Where  rivers  flowed  and  lakes 
placidly  reflected  surrounding  hills,  fire  and  accompanying  heat  had 
once  reigned  supreme.  Then  the  path  was  indicated  that  in  future 
scientific  reseansh  should  follow,  a  definite  direction  was  given  to  the 
investigating  mind,  and  reasoning  from  the  known  to  the  unknown  was 
slowly  developed. 

In  Europe,  the  cradle  of  our  present  sciences,  the  first  important  re- 
sults were  obtained,  and  to  men  like  Buch,  Werner,  Beudant,  Herschel, 
and  others  are  we  indebted  for  the  initiation  of  many  ideas  with  regard 
to  the  earth's  former  history  that  they  obtained  from  the  study  of  what 
before  their  time  had  been  but  a  sealed  book  of  mystery. 

In  every  portion  of  the  world,  so  far  as  hitherto  explored,  the  evi- 
dences of  volcanic  activity  have  been  found.  Our  limited  knowledge 
permits,  as  yet,  of  no  systematizing  of  their  horizontal  distribution. 
l^jven  of  the  existing  volcanoes  we  can  say 'but  little,  save  that  they  oc- 
enr  in  the  vicinity  of  present  shore  lines.  Inferring  from  this,  we  can 
assume  that  the  same  conditions  existed  at  the  times  when  the  enor- 
mous masses  of  volcanic  material  were  ejected  in  regions  that  now  are 
far  inland. 

Erupted  material  is  by  no  means  confined  to  any  one  geological  epoch. 
The  appearance  of  liquid  or  plastic  masses  upon  the  surface  ot  the  earth 
bas  occurred  since  the  earliest  times,  since  the  formation  of  a  rigid 
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crast.  Evidence  shows  that  daring  every  one  of  the  accepted  geological 
periods  rocks  have  been  ejected  through  the  solid  strata,  and  having 
found  their  way  to  the  surface,  have  been  productive  of  changes  cbarac- 
teristic  in  every  respect.  Geognostically  and  lithologically  such  forma- 
tions can  readily  be  distinguislied.  Their  mode  of  occurrence,  the  dis- 
tinctive features  of  their  form  and  distribution  are  unmistakable,  should 
even  the  lithological  or  mineralogical  constitution  afford  no  direct  proof 
of  their  origin.  In  intimate  connection  with  the  genesis  and  structural 
peculiarities  of  volcanic  masses  is  the  effect  they  produce  upon  the 
topography  or  orography  of  any  given  region.  Their  presence  may  be 
surmised  from  the  configuration  of  the  country,  from  the  detail  features 
of  mountains,  and  other  exterior  forms.  Three  groups,  mainly,  may  be 
distinguished  from  the  standpoint  of  a  topographer :  those  forming 
isolated  peaks  or  groups  of  peaks;  those  forming  mountain  chains  and 
ranges;  and  the  most  complete,  those  forming  extensive  highland 
plateaus.  Each  of  these  is  referable,  within  certain  limits,  to  certain 
classes  of  eruptive  rocks,  and  thus  the  exterior  appearance  will  furnish 
a  suggestion  as  h)  the  material  composing  any  one  of  the  groups  men- 
tioned. Great  variations  naturally  occur  from  any  one  rule  that  might 
be  laid  down,  and  a  systematic  arrangement  based  upon  distinctions  of 
this  kind  must  necessarily,  therefore,  be  but  imperfect. 

Not  only  for  the  geologist  and  topographer  are  these  erupted  masses 
of  direct  importance,  but  also  for  the  miner  and  agriculturist.  Discov- 
eries and  observations  have  developed  a  knowledge  of  certain  facts  in 
connection  with  the  occurrence  of  masses  belonging  to  this  group,  that 
demonstrate  the  value  of  acquaintance  with  them  for  one  interested  in 
economic  features.  Mines  of  great  magnitude  and  wealth  have  been 
found  within  their  limits,  both  in  Europe  and  on  this  continent.  Al- 
though geological  science  is  but  young  as  yet,  the  knowledge  gained 
has  been  aptly  applied,  and  we  have  learned  to  utilize  even  the  small 
amount  we  poaess  to  the  greatest  possible  advantage.  It  is  evident, 
therefore,  that  the  more  thorough  recognition  of  every  feiiture  connected 
with  such  a  class  of  rocks  will  furnish  additional  information  that  may 
directly  be  applied  in  the  process  of  supplying  our  wants.  Thus  the 
agriculturist  has  learned  that — conditions  of  climate  and  elevation  l)e- 
ing  not  unfavorable — he  can  successfully  draw  revenue  from  soil  result- 
ing from  c(.'rtain  rocks,  while  others  will  claim  by  far  more  of  his  atten- 
tion and  labor. 

In  the  subjoined  pages  all  questions  pertaining  to  the  origin,  dis- 
tribution, general  and  special  features  of  the  volcanic  formations  of 
Colorado  shall  be  considered.  Wherever  requisite,  for  the  purpose  of 
clearer  understanding,  comparisons  have  been  instituted  with  the  anal- 
ogous or  identical  formations  of  other  regions,  which  in  part,  at  least, 
have  been  more  thoroughly  studied  than  those  to  which  this  paper  is 
devoted.  Colorado  offers  more  favorable  points  of  discussion,  perhaps, 
than  any  other  region  of  the  United  States,  and  as  four  years'  work 
there  has  brought  me  into  constant  contact  with  the  consideration  of 
volcanic  groups  of  that  State,  I  shall  endeavor  to  present  as  complete 
a  synopsis  of  their  entire  character  as  my  investigations  enable  me  to 
prepare.  The  survey  of  the  State  is  finished,  the  distributicm  of  geo- 
logical formations  throughout  its  entire  area  is  known,  and  this  treatise 
is,  therefore,  presented  as  a  review  of  one  of  its  most  interesting  classes 
of  rocks. 

Using  the  more  comprehensive  term,  erupted  masses,  it  becomes  a 
matter  of  some  difficulty  to  draw  the  line  of  distinction.  Where  origi- 
nal metamorphic  rocks  cud  and  those  brought  to  the  surface  by  eruption 
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begiD,  is  freqaently  almost  impossible  to  determine.  Taking  the  view 
which  presents  metamorphic  rocks  as  the  resultants  of  the  action  of  beat 
upon  originally  sedimentary  deposits,  an  action  often  accompanied  by 
disturbances  of  position,  the  deQnite  line  between  them  and  truly  erupt- 
ive rocks  cannot  so  readily  be  recognized.  As  a  rule,  it  may  be  stated 
that  all  those  rocks  are  to  be  considered  as  eruptive  which  break  through 
or  are  ejected  through  fissures  in  rigid  strata  or  masses,  and  either  reach 
the  surface  or  remain  hidden  beneath  it.  The  latter  case  includes  the 
phenomenon  of  intrusion,  which,  however,  occurs  more  particularly  in 
sedimentary  formations.  Within  them  the  difiference  of  regularly  de- 
posited and  eruptive  material  is  by  fur  more  evident  than  in  the  former 
instance.  Although  the  strata  of  sedimentary  beds  may  have  assumed 
any  position,  any  angle  of  inclination,  the  intrusion  or  ejection  of  erupted 
rock  is  always  sufficiently  characteristic  to  be  recognized,  both  by  the 
different  constitution  of  the  rock  and  by  the  result  of  the  forms  produced. 

Here,  too,  as  in  the  preceding  case,  the  erupted  rocks  may  reach  the 
Burface  or  may  only  reach  within  a  certain  distance  of  it.  Erosion,  in 
the  latter  instance,  not  unfrequently  discloses  them.  If  they  have 
reached  beyond  the  exterior  limits  of  the  sedimentary  beds,  their  pres- 
ence is  generally  indicated  by  the  formation  of  isolated  hills,  mount- 
ains, mountain  groups,  or  plateaus.  Thus  a  ready  recognition,  sepa- 
rating them  from  their  surroundings,  is  established. 

It  lies  in  the  nature  of  the  subject  that  we  should  find  almost  innu- 
merable varieties  representing  this  class  of  rocks,  and  investigations  have 
thas  far  supplied  us  with  an  ample  listof  names.  In  mode  of  occurrence, 
in  age,  and  in  lithological  character  the  erupted  rocks  differ  greatly  among 
themselves,  and  to  these  features  is  due  the  large  number  of  specificdis- 
tinctions  that  have  been  made.  As  a  rule,  it  may  be  stated  that  the 
older  eruptives  dififcr  more  from  the  metaraorphics  in  their  chemical  na- 
ture than  some  of  the  younger  ones.  A  metamorphic  series  is  merely  the 
altered  representative  of  some  distinct  group  of  beds,  while  an  4»ruptive 
one,  although  it  may  be  but  the  same  group,  is  so  thoroughly  changed  by 
fusion  and  subsequent  cooling,  that  every  vestige  of  its  former  physical 
condition  is  obliterated.  In  metamorphic  groups  stratification  may  in 
part  be  preserved,  the  differences  indicating  origin  from  mineralogically 
separable  beds  may  be  noticeable,  but  an  erupted  rock  is  usually  so 
thoroughly  and  uniformly  remodelled,  that  no  clue  to  its  original  condi- 
tion can  be  obtained  from  a  study  of  its  physical  character  only.  It  is 
impossible  to  draw  any  line  of  distinction  which  would  divide  the  entire 
series  of  eruptives  into  appropriate,  well-defined  groups.  Buiisen  has 
attempted  a  primary  classification  (to  be  alluded  to  below),  but  it  is 
certainly  insufficient.  At  best,  they  can  be  said  to  belong  to  one  grand 
division  of  the  geological  history  of  our  earth,  supplying  oue  important 
factor  in  the  formation  of  its  crust,  and  fulfilling  a  definite  mission  as 
regards  its  exterior  surface.  For  systematic  purposes  it  is  requisite, 
however,  to  adopt  some  basis  of  separation,  even  if  artificial,  and  for  that 
purpose  we  can  scarcely  find  one  answering  as  well  as  the  chemical. 

Without  drawing  the  lines  too  closely,  a  chemical  primary  classifi- 
cation has  a  more  or  less  direct  bearing  upon  one  very  important  ques- 
tion, viz,  that  touching  the  genesis  of  the  erupted  masses.  Although 
by  no  means  sufficiently  indicative  of  any  one  method  of  operation,  the 
results  as  furnished  us  by  chemical  examination  afford  indirect  hints 
at  least  as  to  the  character  of  the  agents  employed  in  the  generation  of 
eruptives.  So  far  as  our  observations  extend,  their  present  existence 
is  attributable  to  one  main  cause.  This  cause  is  heat.  Not  only  do  we 
infer  this  from  the  demonstrations  accompanying  eruptions  of  the  pres- 
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ODt  day,  biit  the  knowledge  of  the  chemical  changes  effected  in  varions 
componnds  by  heat  juBtifies  the  assertion.  In  spite  of  the  common  origin, 
as  to  this  one  factor,  the  differing  character  of  the  original  nnfused  ma- 
terial, and  more  particularly  the  results  produced  by  various  methods 
of  cooliug,  have  supplied  us  with  so  many  si>eciflca]ly  distinct  occur- 
rences. 

Ill  speaking  of  the  origin  of  emptives  these  features  will  be  more  thor 
oughly  discussed  and  instances  referred  to  where  they  directl>  apply 

CLASSIFICATION. 

At  all  times  it  is  a  matter  of  difficulty  to  arrange  any  satisfactory 
Hthologicul  classiflcatiou.  This  is  more  particularly  tlie  caee  when  we 
deal  with  eruptive  rocks.  The  means  at  our  disposal  whereu|K)n  to  base 
any  definite  system  are  limited,  and  in  several  instances  unsatisfactory. 
At  first  sight  a  chemical  basis  ap|)ears  very  acceptable,  not  only  for  the 
primary,  but  also  for  minor  divisions.  It  is,  however,  open  to  the 
objection  that  in  many  cases  it  would  be  requisite  to  make  analyses  be- 
iore  being  able  to  decide  as  to  the  s|)ecies  of  rock  under  consideration. 
.Among  the  l>est  systems  offered  is  that  used  by  Cottiu*  He  accepts 
Bunseu's  primary  division  into  basic  and  acidic  rocks,  and  determines 
the  species  of  each  group  in  accordance  with  its  mineralogical  constitu- 
tion. This  method  furnishes  the  means,  first,  of  a  definite  ultimate 
arrangement,  and,  secondly,  of  determining  at  once  the  precise  position 
occupied  by  the  specimen  under  examination. 

It  would  seem  that  a  classification  based  upon  the  geological  age  of 
the  rocks  might  prove  serviceable.  One  main  and  decided  objection, 
however,  asserts  itself  in  the  difficulty  of  determining  this  age  in 
many  instances.  Were  we  in  the  possession  of  all  the  necessary  data 
a  system  could,  no  doubt,  be  constructed  that  would  answer  admirably 
well.  It  would  necessitate  the  distinction  into  species  utterly  irrespect- 
ive of  generic  or  mineralogical  affinities,  however,  and  probably  create 
more  confusion  than  benefit.  Of  late  years  the  microscope  has  been  of 
great  service  in  determining  lithological  species,  more  particularly  those 
belonging  to  the  eruptive  class.  Under  the  skillful  management  of 
Zirkel  ibis  method  has  achieved  a  reputation  justly  earned  by  its  excel- 
lent results.  In  spite  of  its  correct  interpretation  and  by  far  more  accu- 
rate discrimination  than  any  other  means  will  supply,  its  very  general 
application  tor  clas.sifica(ory  purposes  will  remain  limited.  The  prepiw 
ration  ot  the  rocks  before  the  examination  can  take  place,  the  transpor- 
tation of  instruments,  and  the  comparatively  large  s>aiount  of  practice 
required  lor  the  successful  completion  of  work  will  prevent  this  method 
from  becoming  the  basis  for  a  universally  accepted  classification  of 
rocks. 

Of  all  the  means  at  hand,  therefore,  the  one  adopted  by  Gotta  an- 
swers best  for  our  purposes,  and  it  is  with  special  reterence  to  his  gen- 
eral system  of  classifying  (without  adhering  strictly  to  his  arrangement) 
that  the  rocks  in  question  shall  be  treated  of  below. 

Europe  exhibits  a  number  of  typical  localities  where  volcanic — in 
contradi'^tinction  to  plutonic — rocks  occur.  It  is  a  few  only  of  them 
that  enter  into  consideration  here.  The  generally-adopted  application 
of  names  to  European  lithological  groups  is  couformable  with  our  own, 
with  the  exception  that  our  groups  are  by  far  more  varied ;  hence  di- 
vision and  subdivision  more  thorou«^hly  carried  out.    There,  as  here 

(speaking  of  Colorado    more    especially),  the   trachytic  and    basaltic 
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*  Geologie  der  Gegenwart,  Loipzig,  lb72|  p.  20. 
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icroaps  are  the  most  important.  In  France  the  monntains  of  the  An- 
vergne  re^on  are  composed  of  trachyte;  in  Central  Ghsrmany  the 
Drachenfels  mx)up,  formed  by  the  same  rock,  has  become  famoas;  and 
the  basalts  along  the  Bhine  and  some  of  its  tribntaries  are  well  known. 
Towani  the  eastern  portion  of  Germany,  trachytio  series  again  occar, 
denoting  their  presence  by  the  formation  of  isolated  hills  or  roouut- 
ain  groups.  The  ^^Yogelgebirge"  of  Hessia  and  the  isolated  outcrops 
throughout  Southern  Germany  belong  to  the  Basaltic  era.  To  the  lat- 
ter, also,  we  count  the  volcanics  of  the  British  islands  and  of  Sweden 
and  Norway. 

Showing  closer  affinities,  perhaps,  than  the  volcanic  groups  of  any 
other  region,  with  those  of  Colorado  and  the  Bocky  Mountains  gener- 
ally, are  those  of  Transylvania.  Bichthofen,  whose  study  of  our  west- 
em  country  has  been  productive  of  such  excellent  results,  has  given  his 
attention  to  the  volcanics  of  that  country,  and  to  him,  besides  in  a  great 
measure  to  Beudant,  we  owe  the  knowledge  of  an  existing  similarity 
between  the  two. 

In  a  general  way,  it  is  possible  to  correlate  the  volcanics  of  the  two 
continents.  In  North  America,  however,  we  find  all  tlie  featnres  repre- 
sented on  so  grand  a  scale  that  direct  comparison  will  furnish  but  un- 
satisfactory results.  In  variety  of  forms  produced,  and  variations  of 
constitutions  exhibited  by  volcanics,  our  North  American  are  unique, 
though  not  entirely  distinct  from  the  European.  We  deal  with  broader 
areas,  with  phenomena  produced  on  a  very  large  scale,  and  the  differ- 
ence, first,  between  foreign  occurrences,  and,  secondly,  among  the  North 
American  volcanics  themselves,  is  proportionate  thereto. 

From  the  comparatively  incomplete  observations  that  are  at  our 
command  at  the  present  time,  respecting  the  volcanic  formations  of  the 
western  portion  of  our  continent,  we  are  enabled  to  say  that  our  series, 
speaking  from  an  evolutionary  standpoint,  is  by  far  more  complete  than 
the  Buropean.  It  is  in  the  West  but  a  step  from  the  prehistoric  to  the 
active  volcanoes,  while  east  of  the  Atlautic  the  difference  is  strongly 
marked.  While  we  are  often  in  doubt  whether  an  occurrence  of  scoria 
or  lava  may  be  even  more  than  a  few  hundred  years  old,  the  former 
volcanoes  in  the  interior  of  Europe  present  a  more  ancient  type,  remind- 
ing less  of  the  characteristic  material  that  composes  and  issues  from 
volcanoes  of  to-day.  It  is  this  comparative  completeness  of  our  series 
that  produces  the  difficulty  in  devising  any  thoroughly  satisfactory  sys- 
tem, which  will  not  only  define  the  numerous  lithologlcal  varieties,  but 
at  the  same  time  bear  distinct  and  definable  relations  both  to  genesis 
and  age  of  the  rocks  thus  classified. 

As  proposed  by  Bichthofen,*  the  classification  for  the  volcanic  rocks 
of  our  western  mountain-ranges  is  one  based  essentially  upon  their  age. 
Within  certain  limits  they  all  belong  to  a  comparatively  restricted  geo- 
logical period,  and  by  determining  their  relative  positions,  very  appli- 
cable data  can  be  obtained.  Both  in  Europe  and  America  certain  groups 
have  been  recognized  as  bearing  definite  relations  to  each  other,  and  the 
determinations  made  on  both  continents  agree  very  well.  For  all  prac- 
tical purposes  the  system  as  introduced  by  Bichthofen  certainly  an« 
swers,  and,  as  it  is  one  designating  minor  divisions,  it  can  be  utilized  in 
conjunction  with  any  more  or  less  artificial  classification  that  furnishes 
the  characteristics  for  primary  groups.  In  the  subjoined  pages,  there- 
fore, this  classification  shall  be  adopted  in  the  main,  with  such  addi- 
tions as  may  seem  to  be  required,  and  in  connection  with  a  primary 
division  based  upon  simple  chemical  constitutions. 

"""""  *  Mem.  Cal.  Ac.  Sci,  1868.    Vol.  i,  part  ii. 
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OCCURRENCE   OF  VOLCANIC   ROCKS   ON   THE    NORTH  AHBBIOAN  OOK- 

TINEKT. 

Thcr  North  American  continent  can  appropriately  be  separated  into 
three  sections  for  our  purposes — into  the  eastern,  middle,  and  western 
divisions.  In  the  first  the  volcanic  occurrences  are  sporadic,  limited  as 
to  extent,  and  air  or  nearly  all  belonging  to  one  period  of  relatively 
recent  age.  In  the  second,  the  development  -of  volcanic  activity  was 
at  its  minimum.  Very  few  occurrences  belonging  to  that  group  of 
geological  history  have  taken  place  in  that  section,  and  wherever  found 
are  but  local,  and  of  no  importance  either  in  the  geological  series  or  to- 
pographical features  of  the  region  exhibiting  them.  Differing  from  both 
ot  these,  and  presenting  groups  of  the  utmost  interest  and  decided  varia- 
tion, is  the  western  section.  Beginning  with  the  Alaskan  peninsula, 
we  observe  volcanics  composing  portions  of  the  continent*  and  many  of 
the  outlying  islands.  Throughout  the  mountainous  chain,  extending 
through  British  Columbia  southward  toward  the  United  States^  volcanic 
occurrences  have  been  ol)served.  Explorations  of  that  mountain  system 
are  wanting  which  would  furnish  us  with  sufficient  data  to  make  any  gen- 
eralizations whatever,  or  even  to  prevent  those  meager  data  obtainable 
in  a  connected  form.  Within  the  area  of  the  United  States  we  are  more 
thoroughly  acquainted  with  the  occurrences  of  volcanic  rock,  and  it  is 
to  the  writings  of  explorers  like  Hayden,  King,  Newberry,  Bichthofen, 
and  Whitney  that  we  are  indebted  for  our  knowledge  of  their  existence 
and  characteristics. 

Through  the  Western  States  and  Territories  the  number  of  varieties 
exhibited  by  volcanic  eruptions  not  only,  but  also  the  enormous  hori- 
zontal extent  of  the  groups,  invite  study  and  investigation.  Owing  to 
the  comparative  completeness  of  the  series,  reaching  from  the  Plutonic 
eruptives  to  active  or  nearly  active  volcanoes  of  the  present  day,  they 
furnish  a  more  complete  record  of  the  history  of  volcanic  rocks  than 
any  other  region  thus  far  known.  In  the  heart  of  the  Bocky  Mountains 
we  meet  with  innumerable  exposures  of  the  older  groups,  which  are  re- 
placed by  younger  ones  as  we  proceed  west  and  south  toward  the  pres- 
ent shorelines.  In  California  there  are  basaltic  groups,  which,  accord- 
ing to  Whitney,  may  almost  be  regarded  as  still  active.  In  Utah  and 
Nevada,  Gilbert  has  found  regions  that  looked  remarkably  **fresh,^and 
Powell  has  discovered  legends  among  the  Indians  referring  to  volcanic 
eruptions  during  historical  times. 

Southward,  beyoud  the  boundary  of  the  United  States,  the  volcanic 
areas  continue  into  Mexico  and  Central  America.  As  we  approach 
their  shores,  we  find  that  the  formations  (volcanic)  are  younger,  until 
still  active  volcanoes  are  found.  This  state  of  things  continues  on 
through  the  Cordilleras  to  the  southern  end  of  South  America.  We 
have,  therefore,  in  the  Bocky  Mountains  of  the  United  States  an  area 
of  exhausted  volcanic  activity.  Upon  observation,  it  will  be  found  that 
the  former  volcanic  outflows  and  eruptions  took  place  along  a  line  ap- 
proximately corresponding  with  the  present  shore-line  of  the  Pacific 
Ocean.  The  arrangement  of  our  mountain  rsinges  is  essentially  a  north 
to  south  one,  and  associated  therewith  we  see  that  the  arrangement  of 
sedimentary  formations  is  parallel.  It  is  to  be  expected,  therefore,  that 
we  should  find  the  demonstration  of  volcanic  force  along  a  line  nearly 
parallel  to  that  of  maximum  sedimentation.  This  is  in  reality  the  case. 
Where  the  process  of  sedimentary  deposition  is  still  going  on,  we  ob- 

*  Dall,  Alaska  aud  it»  Heaources,  lt^70. 
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serve  the  existence  of  the  yooDgest  volcanic  activity,  reaching  to  the 
present  day.  The  Western  section  of  the  North  American  continent 
may  consequently  be  subdivided  into  two  groups,  into  the  ancient  and 
recent  volcanic  Of  these,  the  former  may  be  regarded  as  existing  in 
the  Bocky  Mountains  proper,  while  the  second  comprises  those  portions 
contained  in  the  ranges  near  the  Pacific  Coast.  This  latter  series  is  the 
one  that  extends  directly  southward,  and  finds  its  first  great  develop- 
ment in  the  volcanoes  of  Mexico  add  Central  America. 

It  is  not  the  object  of  this  paper  to  discuss  extensively  any  of  the 
emptives  besides  those  of  Colorado ;  therefore  these  brief  indications  as 
to  distiibution  must  suffice.  We  have  in  Colorado  erupted  rocks  that 
belong  to  the  first  group.  Perhaps  no  section  of  the  Western  country 
is  so  well  adapted  to  the  study  of  volcanics  as  Colorado.  This  is  owing 
to  the  great  variety  of  rocks  exhibited  and  the  large  expanses  they 
cover.  During  the  four  years  occupied  by  the  survey  of  this  State,  all 
occurrences  there  have  been  thoroughly  studied,  and  we  are  enabled 
BOW  to  present  a  more  complete  synopsis  than  probably  can  be  furnished 
of  any  other  Territory  or  State.  In  the  subjoined  pages,  therefore,  the 
erupted  rocks  of  Colorado  are  the  main  subject  of  discussion,  and  only 
Bach  cases  as  are  necessary  for  comparison  will  be  introduced. 

OCCT7RRENCE  OF  ERUPTED  ROCKS  IN  COLORADO. 

Throughout  the  State  we  find  volcanic  rocks  distributed.  In  part 
they  are  continued  into  adjacent  Territories.  Taking  a  comprehensive 
view  of  all  the  groups,  both  lithologically  and  topographically,  it  ap- 
pears that  Colorado  contains  occurrences  which,  all  taken  together,  form 
a  closed,  a  compact  series.  Whichever  volcanic  area  may  extend  be- 
yond the  limits  of  the  State,  or  whichever  group  of  characteristic  forma- 
tions may  be  continued  into  either  New  Mexico  or  Utah,  we  neverthe- 
less find  its  most  important  portion  in  Colorado.  Very  justly,  therefore, 
the  volcanic  groups  of  the  State  may  be  treated  as  one,  representing 
typically  an  important  era  in  geological  history.  They  may  be  regarded 
as  chapters  of  the  book  which  is  commenced  and  finished  within  the 
area  assigned  to  the  State. 

Distribution. — During  the  progress  of  the  survey,  volcanic  rocks  were 
almost  everywhere  encountered.  Extensive  areas  were  found,  where  all 
other  formations  were  successfully  hidden  beneath  the  superimposed 
masses  of  volcanic  material.  Again,  the  latter  had  formerly  covered 
much  that  erosion  gradually  brought  to  light  once  more,  and  we  now 
see  it  in  isolated  particles.  Groups,  whose  isolation  and  small  hori- 
zontal extent  is  a  leading  characteristic,  occupy  prominent  positions  in 
the  landscape  of  Colorado. 

We  find  the  volcanic  exposures  along  the  various  mountain-ranges  of 
the  State  more  connected  than  elsewhere.  In  the  Front  Range,  in  th« 
vicinity  of  Pike's  Peak,*  we  first  meet  with  extensive  volcanic  areas. 
Occupying  a  position  which  imposes  them  upon  the  granite  of  thai 
range,  they  form  for  some  distance  its  most  elevated  points.  Proceed- 
ing westward,  we  are  accompanied  by  volcanics  into  the  southern  end 
of  South  Park.f  Although  not  so  continuous  as  southwest  of  Pike's 
Peak,  the  areas  are  well  defined  and  sufficiently  prominent  to  be  of  im- 
portance orographically. 

Farther  north,  in  Middle  Park,  we  again  find  isolated  groups  of  vol- 
canic rocks. I    In  the  vicinity  of  the  Hot  Springs  basaltic  outcrops  oc- 

*  Kep.  U.  8.  Qeol.  Sorv.,  1»73,  p.  :U8.         t  Rep.  U.  B.  Geol.  Sarv.,  1878,  p.  219. 

t  Rep.  U.  8.  Qeol.  Sorv.,  1873,  p.  162. 
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car,  also,  a  breccia,  referred  to  Dolerite.  From  Middle  Park  soiithwest 
bnt  few  volcanics  are  met  with,  until  we  rep'Ch  the  region  of  the  Grand 
Mesa.*  In  the  Elk  MouDtoins,  volcanic  rocks  of  the  greatest  interest 
occur.  Their  unique  character,  as  regards  both  constitntion  and  asso- 
ciation, claims  for  them  the  utmost  uttentioD.  By  far  the  largest  area 
is  that  of  the  Uncompahgre  aud  the  San  Juan  Moun tains,  f  Stretching 
for  miles  and  miles,  they  there  present  a  i)erfectly  unbroken  snrftioe. 
In  the  interminable  varieties  that  have  there  been  produced,  and  in  the 
harmony  of  detail  arrangements,  we  have  a  series  that  may  justly  be 
compared  to  a  succession  of  sedimentary  beds. 

In  the  Sawatch  Range,  in  the  Sangre  do  Gristo,  and  in  the  Wet 
Mountains,  we  have  areas  that,  although  isolated  now,  tend  to  show  a 
former  connection  over  a  large  expanse  of  country. 

As  typically  isolated  groups,  isolated  by  virtue  of  their  genesis,  we 
may  regard  the  Spanish  Peaks,  La  Plata  Mountains,  Mount  Wilson, 
Sierra  Oarriso,  El  Late  Mountains,  Sierra  La  Sal,  and  Sierra  Abajo* 
Although  the  latter  two  are  not  within  the  boundaries  of  Colorado,  they 
are  very  near,  and  are  possessed  of  the  same  characteristics  that  else- 
where must  be  regarded  as  typical  for  certain  groups  of  Colorado. 

A  large  area  of  volcanic  formations  may  be  found  in  the  bonth  western 
and  southern  portion  of  San  Luis  Valley.  Though  directly  a  continua- 
tion of  the  same  formations  in  the  Southern  San  Juan  Mountains,  their 
appearance  in  so  great  a  mass  in  a  valley  is  noticeable. 

Local  outcrops  of  various  volcanic  formations,  occurring  in  the  form 
of  dikes  and  buttes,  are  frequently  found  throughout  the  State.  Sev- 
eral  of  the  species  of  volcanic  rocks  participate  in  their  formation,  and 
greatly  dependent  upon  their  composition  will  be  the  exterior  appear- 
ance they  present. 

From  this  distribution  it  will  be  seen  that  the  bulk  of  volcanic  forma- 
tions falls  into  Southwestern  Colorado.  Whereas  the  outlying  groups 
may  be  regarded  as  of  bnt  inferior  importance,  qualitatively,  we  there 
have  an  enormous  mass  of  the  material. 

As  might  be  expected,  the  distribution  of  volcanic  formations  within 
certain  areas  is  productive  of  definite  orographic  effects.  Dependent, 
to  some  extent,  upon  the  lithological  character  of  the  rocks  is  the  result 
observed.  Differences  of  such  constitution  must  be  sought  for  in  the 
physical  rather  than  the  chemical  nature,  and  proportionate  thereto  are 
the  distinctive  features  presented.  Wherever  volcanic  rocks  cap  either 
prozoici  or  sedimentary  formations,  their  vertical  limits  can  generally  be 
readily  distinguished.  As  a  rule,  if  superincumbent  upon  sedimentary 
beds,  they  are  a  protection  to  them  from  erosive  agents.  When  in- 
trusive, either  conformable  with  the  strata  or  across  them,  their  action 
is  frequently  a  preserving  one,  although  not  in  so  marked  a  manner  as 
in  the  former  instance.  In  connection  with  the  topographic^il  features 
as  modified  by  the  occurrence  of  volcanic  rocks,  we  find  those  pertain- 
ing to  the  drainage.  Nonsedimentafy  and  sedimentary  formations  are, 
at  all  localities,  found  to  have  been  subjected  to  by  far  more  powerfully- 
acting  disturbing  agents  than  the  volcanics.  While,  therefore,  we  And 
the  latter  more  frequently  in  an  undisturbed  position,  the  former  have 
been  removed  in  various  directions  from  their  original  places  of  depo- 
sition. This  must,of  necessity, produce  a  more  schematical  arrangement 
of  the  drainage  within  volcanic  areas.  So  far  as  observation  goes,  it 
shows  that  in  Colorado  the  volcanic  drainage  exhibits  a  more  radial  and 
spiral  type  than  can  be  found  within  the  area  of  any  other  class  of  rocks. 

•  Kep.  U.  S.  Geol.  Surv.,  1B74.  t  RepH.  U.  8.  Geol.  Surv.,  1^73;  1874;  1875, 

X  See  p.  104. 


xaroucB.]      CLASSIFICATION  OF  ERUPTED  BOCKS  IN  COLORADO.         207 

Great  bomogeneonsness  of  the  componeDt  material,  and  its  more  regalar 
arraDgemoDt  with  reference  to  ander  and  over  lying  beds,  facilitate  the 
retention  of  original  distribution  of  drainage.  Within  the  San  Juan 
and  Uncoropahgre  Mountains  such  features  can,  perhaps,  be  best  ob- 
served. There  the  great  horizontal  extent  as  well  as  the  vertical  dimen- 
sions of  the  volcanic  rocks  have  afforded  the  most  satisfactory  oppor- 
tanities  for  a  typical  development  of  such  features.  Generally,  too,  a 
volcanic  region  is  well  watered,  owing  to  the  comparative  impenetra- 
bility of  the  beds.  Incident  thereupon  are  promotion  of  vegetation  and 
formation  of  soil.  Exceptions  to  this  rule  are  certainly  not  wanting, 
least  of  all  in  groups  of  high,  abrupt  mountains,  and  in  plains  where 
the  absence  of  water  has  not  permitted  vegetation  to  flourish. 

CLASSIFICATION  OF  ERUPTED  ROCKS  IN  COLORADO. 

In  Golordido  by  far  the  greater  moss  of  volcanic  material  must  be  as 
signed  to  one  geological  epoch.  This  epoch  is  divisible  into  two  periods 
Making,  primarily,  this  distinction,  we  have  made  the  first  step  to 
ward  a  classification.  Very  few  cases  only  were  tbuud  where  erupted 
material  was  evidently  in  no  connection  whatever  with  that  of  the  ac 
cepted  epoch.  Isolated  occurrences  of  porphyritic  rocks,  older,  geo 
logically  speaking,  than  the  remaining  ernptives,  represent  these  cases 

Enumerating  the  erupted  rocks  of  Colorado,  beginning  with  the  old 
est^  we  have  granite,  porphyry,  andesite,  trachyte,  rhyolite,  porphyri 
tic  trachyte,  dolerite,  and  basalt.  Separating  these  primarily  into  Bun 
sen's  divisions,  basic  and  acidic,  the  result  is  us  follows : 

Banc,  Acidic. 

Diorite.  Granite. 

Enphotide.  Protoginyte. 

Porphyry.  Andesite. 

Dolerite.  Trachyte. 

Basalt.  Porphyritic  trachyte. 

Ehyolite. 

Of  these  the  diorite,  enphotide,  porphyry,  and  granite  must  be  classed, 
according  to  Cotta^  as  plutonicj  while  the  remainder  are  volcanic.  These 
two  primary  divisions  furnish  us  with  the  foundation  whereon  to  build. 
For  the  western  acidic  volcanics  we  have  Bichthofen's  admirable  classi- 
fication. He  separates  them  into  propylite,  andesite,  trachyte,  and 
rhyolite.  Four  years  ago*  I  comprised  all  of  these  under  the  term 
Trachorbeites.  Subsequent  explorations  proved  the  existence  of  a  group 
totally  distinct  from  the  trachorbeites.  It  is  separated  from  them  by 
its  mode  of  occurrence,  the  lithologiciil  character  of  its  rocks,  and  by 
its  relative  position.  Dr.  Pealet  hsia  distinguished  it  under  the  name 
of  porphyritic  trachyte.  Trachyte-porphyry  of  European  geologists, 
their  liparite|  bos  a  certain  resemblance  to  it,  but  differs  in  many  essen- 
tial features. 

So  far  as  could  be  determined,  we  have  in  Colorado  no  propylite.  It 
is  possible  that  it  exists  there,  or  rather  its  representative,  but  either 
its  intimate  association  with  younger  volcanics  or  a  change  in  its  com- 
position has  rendered  it  undistinguishable.    Andesite,  trachyte,  and 

•  Bop.  U.  8.  Geol.  Sorv.,  ia73.  t  Bulletin  U.  S.  Geol.  Surv.,  Vol.  iii.  No.  3. 

t  CottUy  Qoologie  der  Gegenwart,  p.  54. 
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rh.Tolite  are  all  readily  recognized  wherever  met  with.  In  1874  I  salkli- 
vided  trachyte  into  fonr  groaps.*  Of  the  basic  volcanic  products  we  find 
only  dolerite  and  basolt^  the  latter  represented  by  unmeroas  varieties. 
A  synopsis  of  the  erupted  rocks  found  in  Colorado,  classified  primarily 
upon  chemical,  secondarily  a  genetic,  and  thirdly  upon  a  chronological 
basis,  beginning  with  the  oldest,  will  furnish  the  following  result: 

BASIC.  ACIDIC. 

Plutonic. 
Diorite.  Oranite. 

Euphotide.  Protoginyte. 

Porphyry. 

Voloanio. 

Andesite, 
Trachyte. 

Trachyte,  1. 
Trachyte,  2. 
Trachyte,  3. 
Trachyte,  4 
Dolerite.  Porphyritic  ti*achyte. 

Basalt.  Bhyolite. 

It  seems  difficult  to  determine  the  relative  age  of  porphyritic  trachyte 
as  compared  with  rhyolite.  At  many  localities  the  one  seems  to  grade 
into  the  other.  lam  not  aware  that  any  point  was  found  where  the 
two,  each  typically  represented,  were  in  contact.  From  all  analogies  I 
should  judge  them  to  have  been  erupted  at  very  nearly  the  same  time.. 
At  one  locality,  perhaps,  a  rhyolitic  eruption  may  have  been  completed 
before  the  nearest  one  of  porphyritic  trachyte  took  place,  and  vice  versa. 
I  place  the  latter  immediately  after  trachyte,  for  the  reason  that  it  is 
less  acidic  than  rhyolite,  and  regard  its  definite  age  with  reference  to  this 
class  of  rocks  as  not  fully  established.  Genetically  it  should  be  removed 
from  the  trachyte  and  cede  its  position  to  rhyolite. 

The  classification  as  above  given  will  represent  all  the  erupted  mate- 
rial found  in  Colorado.  It  is  difficult  to  find  an  acceptable  basis  for 
division,  but,  it  seems  to  me,  that  for  this  State,  and  perhaps  others, 
the  arrangement  is  the  most  satisfactory.  Occurring  in  connection  with 
these  groups  are  rocks  that  have  frequently  been  regarded  as  indepen- 
dent representatives  either  of  definite  kinds  of  eruptive  activity  or  of 
characteristic  genesis.  I  allude  to  such  instances  where  obsidian,  per- 
lite,  pumice,  &c.,  have  not  been  regarded  as  minerals  merely,  but 
have  been  designated  as  rock-species.  Their  presence  or  absence 
certainly  is  of  importance  considering  the  circumstances  attendant 
upon  the  genesis  of  the  rocks  they  are  associated  with. 


CHAPTER  11. 

PLUTONIC  ERUPTIVES. 

BASIC  PLUTONIC  ERUPTIVES. 

Diorite, — Within  the  metamorphic  areas,  more  particularly  of  the 
Front  Ranjje,  a  number  of  dikes  occur.  Traversiug  the  granite  in  vari- 
ous directions,  we  find  a  horubleudic  dike-rock,  closely  resembling  di- 
orite.   ''  It  is  composed  of  small  crystalline  particles  of  hornblende  and 

*  Rep.  U.  S.  Geol.  Surv.,  1874. 
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oligoclase,  joioed  together  rather  loosely,  withoat  the  slightest  intimation 
of  is^wagma,^^*  No  definite  relation,  as  borne  by  these  dikes  to  the 
surrounding  metamorphic  or  prozoic  rocks,  could  be  observed.  Without 
rule  they  are  distributed,  striking  in  a  definite  direction  within  very  cir- 
cnmscribed  areas,  but  in  no  further  connection  with  each  other.  Proba- 
bly they  are  dikes  that  were  formed  catogeneously  at  the  time  of  meta- 
morphosis. Their  mineralogical  composition  is  identical  with  that 
usually  accepted  for  diorite,  and  I  therefore  cite  them  as  such.  Similar 
in  many  characteristics  to  this  is  the  following  species : 

Euphotide. — In  the  vicinity  of  Mount  Ouray  this  rock  occurs.  It  is 
com  posed  t  of  a  dark-green  diallage  and  white  oligoclase.  Chlorite  and 
magnetite  are  accessories.  More  important  than  the  diorite,  thie  rock 
builds  up  a  considerable  portion  of  the  Ouray  group.  It  is  intimately 
associated  with  the  granite,  which  there  appears  to  be  the  younger  of 
th6  two.  In  determining  the  specific  position  of  any  of  the  hornblendic 
rocks  within  a  metamorphic  area  the  greatest  caution  is.  requisite.  There 
is  but  little  dpubt  that  the  same  hornblendic  rocks  that  we  now  can 
claim  to  be  metamorphic,  may  have  been,  from  one  or  the  other  cause, 
eruptive.  In  that  case  they  will  not  necessarily  present  any  distinguish- 
able mineralogical  features,  bntthe  method  of  their  association,  the  mode 
of  occurrence,  must  furnish  the  decisive  evidence.  Whenever  this  cannot 
bo  obtained  from  such  characteristics,  the  identification  remains  ques- 
tionable. We  may  have  before  us  instead  of  an  erupted  rock,  simply 
the  metamorphosed  product  of  one  of  the  earliest  sedimentaries.  Un- 
less, therefore,  much  labor  and  time  shonld  be  spent  upon  this  class  of 
rocks  in  Colorado,  I  cannot  conceive  that  any  satisfactory  results  will 
be  obtained.  At  best  their  horizontal  distribution  is  but  limited;  in 
their  detail  features  they  show  so  many  variations,  however,  that  the 
most  elaborate  work  will  be  required  before  they  can  all  be  assigned  to 
their  proper  places.  I  have  chosen  the  examples  of  diorite  and  eupho- 
tide  as  the  best  determined  out  of  a  number.  Among  it  such  rocks 
as  gabbro,  hypersthene,  and  others  might  be  mentioned. 

Porphyry. — Very  few  occurrences  of  porphyry  in  Colorado  have  been 
noted.  The  most  important  and  best  known  porphyry  dike  of  the 
^tate  is  that  at  Gold  Hill.|    On  either  side  of  this  dike,  which  traverses 

f granite,  is  located  a  remunerative  gold  mine.  Several  smaller  dikes  are 
ound  within  a  short  distance  of  this  one,  but  are  of  minor  importance. 
Oreat  interest  attaches  itself  to  this  occurrence  from  the  presence  of 
tellurium  compounds  in  the  metalliferous  veins  adjoining  the  porphyry. 
A.  purplish-gray  paste,  varying  to  greenish,  incloses  very  fine  crystals  of 
feldspar.  Orthoclase,  with  laminse  of  oligoclase,  and  small  crystals, 
apparently  of  mieroclinite,  are  the  inclosed  minerals.  Anotber  por- 
phyry dike  was  observed  in  the  Sangre  deCristo  Mountains.§  This  has 
broken  through  Carboniferous  strata,  and  now  appears  near  the  summit 
of  a  high  peak  near  the  Crostones.  A  dense,  pink  matrix  incloses  small 
crystals  of  feldspar  and  diliexahedral  quartz. 

Near  Central  City  a  number  of  porphyry  dikes  occur.  ||  The  largest 
one  of  these  is  located  on  Quartz  Hill.  Several  of  the  others.  Bobtail, 
Gregory,  and  Mammoth  Hills,  show  similar  dikes  near  their  highest 
])oiiits.  Essentially,  the  rock  is  a  quartzose  porphyry.  Its  paste  is  very 
compact,  light  green  to  yellow,  gray,  and  brown.  On  Gregory  Hill  very 
fine  crystals  of  orthoclase  are  contained  in  the  porphyry.  They  occur 
simple  and  as  Carlsbad  twins.    Owing  to  the  composition  of  the  paste, 

•  Rep.  i;.  8.  Geol.  Surv.,  l^TtJ,  p.  3-25.  $  Kcp  U.  S.  Gcol.  Surv.,  1»?7:{,  p.  328. 

t  Kep.  U.  S.  Geol.  Snrv.,  lt<73,  p.  338.  ||  IJ.  S.  Kep.  Geol.  Surv.,  1873,  p.  ^81. 

t  Kep.  U.  S.  Geol.  Surv.,  1873,  pp.  144,686,  and  t>b8. 
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the  crystals  weather  oat  very  readily.  Some  portions  of  fhe  porphyry 
contain  roinnte  crystals  of  hornblende.  All  of  these  dikes  are  in  eon- 
tact  with  either  granitic  or  gueissic  rock.  No  marked  regularity  of 
course  can  be  observed. 

Taking  a  general  view  of  all  these  basic  plntonic  dikes,  they  are  fonnd 
to  have  a  number  of  features  in  common.  Usnally  they  occur  withont 
any  apparent  provocation,  several  of  them  form  a  small  group,  and  each 
member  of  this  gronp  agrees,  in  its  characteristics,  with  the  others.  As 
a  gc'neral  thing  their  strike  may  be  said  to  be  approximately  north  and 
south.  Their  width  is  variable,  from  a  few  feet  to  several  hundred. 
Accessory  minerals,  such  as  feldspar,  garnets,  small  crystals  of  mag- 
netite, pargasite,  and  others  are  contained  within  the  dike-rock.  With 
the  exception  of  the  one  instance,  all  these  dikes  are  associated  with 
presedimentary  rocks.  Their  age,  therefore,  may  be  regarded  as  an 
open  question.  My  impression  is  that  the  diorites  are  oldest,  the  por- 
phyries youngest. 

ACIDIC  PLUTONIC  EBUPTIVES. 

Granite.'^lu  the  northern  part  of  the  Sangrede  CristoBange  an  erupt- 
ive granite  occurs.*  It  is  readily  distinguished  from  the  older,  meta- 
niorphic.  Orthoclase  is  light  gray,  white,  and  yellowish ;  small  crystals 
of  oligoclase  are  disiiersed  throughout;  quartz  is  colorless  or  milky 
white;  the  mica  black,  scHuetimes  in  small  six-sided  crystals.  The  ap- 
pearance of  this  granite  n|)ou  the  surface  was  accompanied  and  proba- 
bly produced  by  the  demonstration  of  powerfully-acting  vertical  force* 
Carboniferous  l>eds  of  great  thickness  were  thrown  upward  so  as  to 
form  a  steep,  anticlinal  range.  In  the  centre  of  this  we  tind  the  granite. 
Its  relative  iSosition  to  the  sedimentary  beds  is  constant  throughout. 
No  ciises  of  intrusion  were  observed,  or  even  the  formation  of  dikes 
within  the  unchanged  sedimentaries.  A  considerable  amount  of  meta- 
niorpliism  has  taken  place,  totally  changing  some  of  the  oldest  strata. 
North  of  IIuDt^s  Peak  and  south  of  Mosco  Pass  the  eruptive  granite 
again  is  lost,  and  only  metamorpbic  granites  are  found  in  other  portions 
of  the  range.  From  the  entire  character  of  the  range  it  would  appear 
that  the  disturbances  there  were  not  owing,  directly,  to  the  eruption  of 
the  granite,  but  tbat  the  hitter  thereby  found  room  to  escape  upward. 

The  most  important  and  typical  occurrence  of  eruptive  granite  in 
Colorado  was  observed  in  the  Elk  Mountains.  Along  the  line  of  a  ded- 
uite  axis  this  range  has  been  elevated,  appearing  ^^  to  be  an  example  of 
a  sudden,  violent,  or  catastrophic  action.'- 1  Granite  forms  the  central 
mass,  the  underlying  bulk  of  the  range,  while  the  sedimentary  beds, 
many  thousand  feet  in  thickness,  have  been  contorted,  overturned,  and 
broken.  Mr.  Eolnies  has  published t  a  very  excellent  diagram,  repre- 
senting the  exposure  of  eruptive  granite  along  the  main  axis  of  the 
range.  From  this  it  appears  that  the  main  exposures  of  eruptive  granite 
occur  in  the  Snow  Miiss  and  in  the  White  Kock  groups.  Between  these 
two  the  granites  are  hidden  from  sight  by  the  contorted  sedimentary 
beds.  These  form  an  S  shaped  Ibid  here,  overlapping  from  the  east- 
ward. Probably  the  large  masses  of  sedimentary  strata  were  thoroughly 
broken,  and  finally  removed  from  the  localities  \*here  now  the  granite 
is  exposed.  J3r.  lla\  den  says,§  "  This  is  a  grand  illustration  of  an  erup- 
tive range."  In  si)ite  of  the  violent  disturbances  to  which  the  sedi- 
mentary strata  have  here  been  subjected,  the  range  presents  essentially 
the  type  of  an  anticlinal.     Acting  along  a  definite  axis,  the  trend  of 

*  Kv\K  U.  .S.  (ieol.  Siirv.,  1^7;$,  p.  :V24.  t  Ibiil.,  p.  70. 

t  Kep.  U.  S.  Cieol.  ISnrv.,  lt?74,  p.  50.  $  Rep.  U.  S.  Cieol.Surv.,  1«74,  p.  55. 
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vhich  is  abont  northwest  to  soathoast,  the  graDites  have  been  forced 
upward,  carrying  before  them  the  enormoas  mass  of  sedimentaries  sn- 
perimposed.  By  studying  Mr.  Holmes's  admirable  sections  {Report, 
1874)  we  will  find  that  the  eraptive  granite  reached  the  surface  m  great- 
est qoantities  at  such  points  where  the  vertical  dimensions  of  the  sedi- 
mentary beds  showed  their  smallest  development.  In  other  words, 
at  the  |K>ints  or  along  the  line  of  least  resistance.  A  large  numl>er  of 
dikes  traverse  the  sedimentary  beds  adjoining  the  trachytic  areas.  Many 
of  them  are  undoubtedly  granitic;  others  appear  to  be  trachytic.  Of 
these  latter  Dr.  Peale  says,*  ^^  Some  of  them  would  probably  be  proved 
to  be  trachytic,  but  I  am  of  the  opinion  that  if  they  could  be  traced  to 
the  granite  they  would  be  seen  to  grade  imperceptibly  into  it." 

In  mineralogical  character  the  granites  of  the  Elk  Mountains  approach 
those  of  the  Sangre  de  Cristo.  The  general  appearance  shows  a  white 
or  gray  color.  Orthoclase,  oligoclase,  qnartz,  and  muscovite,  with  some 
biotite,  com|K>se  the  rocks.  Associated  with  the  granites  of  the  range 
are  some  pori)hyries  and  diorites.  I  am  inclined,  however,  to  attach  but 
little  importance  to  their  presence,  as  they  probably  belong  to  the  same 
eruption  that  produced  the  elevation  of  the  range. 

We  have,  in  the  Elk  Mountains,  an  example  of  an  eruptive  range  that 
offers  the  most  favorable  opportunities  for  study.  Not  only  do  we  find 
the  granites  and  sedimentary  beds  in  direct  contact,  bnt  wefind  younger 
eruptive  rocks  in  the  region  immediately  adjacent.  Although  perhaps 
not  in  absolute  local  connection  with  the  granitic  masses,  these  younger 
ernptives  stand  in  the  most  intimate  causal  relation.  They  belong  to 
the  series  of  trachorbeites  and  will  be  discussed  below. 

From  Mr.  Holmes's  sections  it  appears  that  the  Middle  Cretaceous 
shales  have  actively  participated  in  the  folding  and  plication  of  sedi- 
mentary strata.  From  the  Silurian  up  the  regular  succession  of  forma- 
tions— as  characteristic  for  Colorado — is  represented  in  the  Elk  Mount- 
ains. All  these  have  been  subjected,  uniformly,  to  the  most  severe 
disturbances.  We  can,  therefore, from- this  evidence,  place  the  elevation 
of  the  range  into  a  period  very  near  the  close  of  the  Cretaceous  forma- 
tion. This,  at  the  same  time,  agrees  with  the  usual  experience,  which 
claims  for  the  greatest  eruptive  activity  in  Colorado  a  time  near  the 
closeof  the  Cretaceous,  mostly,  however,  approaching  rather  the  Tertiary 
epoch. 

On  Station  38  of  1873,  south  of  the  Gunnison,  an  occurrence  was  ob- 
served that  I  am  incliued  to  bring  into  connection  with  the  ernptives 
of  the  Elk  Mountains.  Geologically  considered,  station  38  may  be  re- 
^rded  as  the  extreme  southern  extension  of  the  Elk  Mountain  Range.  • 
The  granite  there  is  associated  with  the  same  sedimentary  beds  as  in 
the  Elk  Mountains.t  Wo  have,  in  that  instance,  an  eruptive  granite, 
which  has  broken  out  through  a  great  thickness  of  sedimentary  strata, 
has  formed  a  high,  prominent  peak,  and  was  succeeded  by  an  eruption 
of  trachytic  lava.  The  force  which  permitted  the  protrusion  of  this 
gn^nite  succeeded  in  forming  a  quaquaversal  arrangement  in  the  sedi- 
mentary strata.  In  lithological  characteristics  this  granite  agrees 
closely  with  that  of  the  Elk  Mountnins  and  of  the  Sangre  de  Cristo. 
Its  relative  position  to  older  formations  admits  of  no  doubt  as  to  its 
method  of  appearing.  So  far  as  could  be  determined,  the  time  of  this 
£^ranitic  eruption  fell  into  tlie  same  period  that  is  accepted  for  the  eleva- 
tion of  the  Elk  Mountain  Kanp^e  proper.  Isolated  occurrences  of  such 
granites  may  be  found,  but  they  nro  of  no  considerable  extent. 

*  Rep.  U.  S.  Geol.  Surv.,  lt<73,  p.  2Cl. 

tRep.  U.  S.  Geol.  Surv.,  1873,  pp.  337  and  340. 
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Protoginyte. — lu  addition  to  the  granites  proper,  a  variety  very  nearly 
related  to  it  was  observed  in  Ck)lorado.  At  the  head  of  Chalk  Creek  a 
very  interesting  rock  was  fonnd  to  compose  several  high  peaks  of  the 
Sawatch  Bange.*  In  my  report  npon  that  section  I  have  regarded  it 
as  porphyritic  protoginyte.  It  occupies  a  circumscribed  area  with  the 
granitic  region,  and  may,  perhaps,  be  regarded  as  a  granite  with  the 
substiintion  of  mica  by  chlorite.  In  all  its  general  featares  it  dosely 
resembles  the  granite.  I  consider  it  expedient,  however,  to  mention  it 
here,  as  one  of  those  rocks  presenting  typically  the  character  of  an  erup- 
tive. In  age  I  consider  it  synchronous,  or  very  nearly  so,  with  the 
granite  of  the  Sangre  de  Gristo.  A  crystalline  aggregate  of  orthoclase, 
oligoolase,  quartz,  chlorite,  and  hornblende  constitutes  the  rock.  Ortho- 
clase occurs  in  Carlsbad  twins,  inclosing  laminae  of  white,  transparent 
oligoclase.  Crystals  of  the  latter  are  dispersed  throughout  the  rock. 
Quartz  is  gray  and  transparent ;  it  is  found,  partly,  in  fhigmentary 
pieces,  partly  in  grains.  Chlorite  substitutes  the  mica  of  granites,  is 
green  to  black,  and  occurs  in  fragments  and  small  crystals. 

*Rop.  U.  8.  Geol.  BarY.,  Ib73,  p.  337.  ' 
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ACIDIC  VOLCANIC  ERUPTIVES. 


The  class  of  acidic  volcanic  ernptives  is  the  one  by  far  most  fully 
represented  in  Colorado.  To  it  belong  the  trachorheites  and  the 
porpbyritic  trachytes.  In  using  the  comprehensive  term  of  trachorheites, 
I  include  therein  all  that  uniform  series  of  massive  eruptives  older  than 
the  porpbyritic  trachytes  and  add  to  it  the  rhyolite.  For  the  sake  of 
classiftctftory  convenience  the  rhyolite  will  be  enumerated  directly 
after  trachyte  No.  4,  thus  leaving  the  question  o[)en  of  its  relative  age, 
as  compared  with  pnorphyritic  trachyte. 

It  has  been  mentioned  above  that  propyllte  was  not  positively  recog- 
Dized.  This  rocis  is  the  timazite  of  Transylvania,  and,  according  to 
Cotta,  should  be  placed  among  the  plutonic  acidios.  In  case  its  exist- 
ence should  hereafter  be  established  in  Colorado,  and  it  be  found  in 
connection  with  the  younger  portions  of  the  trachorheitic  series,  it 
should  be  classed  among  the  volcanic  acidics.  The  development  of 
volcanic  rocks  in  Transylvania  is  not  so  complete  nor  so  typical  as  it  is 
in  our  Western  Territories,  and,  therefore,  as  the  oldest  member  of  the 
group,  it  could  readily  be  regarded  as  a  plutonic  eruptive.  In  Colorado 
more  particularly,  however,  the  correlation  of  groups  is  so  well  defined, 
that  if  propylit«  should  occur  in  connection  therewith  it  could  not  be. 
separated  from  the  acidic  volcanic  eruptives. 

TRACHORHEITES. 

ANDESITE. 

As  can  readily  be  understood,  the  andesites,  the  oldest  group,  have 
been  subjected  to  many  changes.  Their  position,  with  reference  to 
subsequent  eruptions,  and  their  litbological  constitution  have  rendered 
them  liable  to  alteration.  Thus  we  find,  at  many  places,  a  very  com- 
plete transition  from  typical  andesite  to  typical  trachyte.  During 
1873,  while  in  the  field,  I  was  inclined  to  refer  many  of  the  eruptive 
rocks  to  this  group;  but  subsequent  examinations  showed  me  that  its 
occurrence,  or  rather  its  appearance  upon  the  surface,  is  comparatively 
limited. 

Perhaps  the  best  exposures  of  andesite  in  Colorado  may  be  found  in 
the  Front  Range,  west  of  Pike's  Peak.*  There  the  volcanics  have  found 
their  way  to  the  surface  directly  through  gneissic  and  granitic  rocks. 
Spreading  from  the  central  point,  or  along  the  lines  of  eruption,  they 
have  produced  plateau  like  elevations,  characteristic  in  every  respect. 

Richthofen  says:t  '^Andesitic  mountains  are  characterized  by  monot- 
ony in  scenery.  They  form  continuous  ranges,  which  are  often  of  con- 
siderable elevation  and  extent,  but  exhibit  gentle  outlines  on  their  sum- 
mits as  well  as  on  their  slopes.''  This  definition  agrees  closely  with  the 
region  above  indicated.  It  remains  to  be  stated  that  the  ranges  are  not 
formed  by  the  andesite,  strictly  speaking,  but  summits  and  slopes  of 
certain  ridges  have  obtained  their  character  from  that  rock.    Relative 

•Rep.  U.  S.  Geol.  Snrv.,  1873,  p.  319. 
t  Mem.  Cnl.  Ac.  Sci.,  1868^  torn,  i,  part  ii,  p.  25. 

213 


214  BEPORT   UNITED   STATES   GEOLOGICAL   SURVEY. 

to  the  overlying  volcanics,  the  position  of  andesite,  wherever  it  was 
recognized  as  such,  remains  constant.  Frequently  later  flows  of  hot 
lava  have  passed  over  the  already  rigid  andesitic  mass,  and  have  baked 
it  very  thoroughly.  In  this  case  the  slabs  of  rock  are  often  phonoli- 
tic,  and  show  innnmerable  changes  of  color,  produced  by  a  compara- 
tively large  admixture  of  ferric  oxygen  comi)onuds.  As  a  tyi>e  of  the 
andesite  of  that  region,  we  may  regard  that  from  Black  Mountain.  A 
dark-gray,  almost  black,  micro-crystalline  paste  contains  minute  crystals 
of  oligoclase.  Rarely  is  the  paste  vesicular.  Crystals  of  sanidite  and 
a  black  mica  (probably  biotite)  are  distributed  throughout  the  mass. 
Acicular  crystals  of  hornblende  are  rare.  Upon  weathering,  the  thin 
slabs  of  rocks  turn  a  reddish-brown,  owing  to  furl  her  oxidation  of  the 
magnetite  contained  therein. 

In  the  eastern  portion  of  main  volcanic  mass,  which  includes  the  Un- 
compahgre  group,  a  number  of  andesitic  outcrops  were  noticed.  As 
might  be  expectd,  the  phonolitic  character  of  andesite  is  restricted  to 
mainly  the  upper  horizon.  It  is  owing,  as  can  readily  here  be  observed, 
to  a  reheating  by  the  subsequently-arriving  trachytes.  On  the  north 
side  of  Saguache  Creek  this  feature  is  especially  noticeable.  Long-con- 
tinned,  regular  blufli}  of  trachyte  overlie  the  andesites,  and  near  the 
iuu(rtiou  of  the  two  the  fragments  of  the  latter  produce  a  submetallic 
sound  when  struck.  Here,  too,  as  at  many  other  localities,  the  aude- 
sites  are  accompanied  by  a  series  of  tuffs. 

All  eruption*^  of  andesite  are  purely  masHve.  No  truly  voloanie  erup- 
tion has  been  observed  in  Colorado,  but  others,  less  massive  than  those 
of  andesite,  of  a  peculiar  type,  occur  frequently.  In  speaking  of  the 
trachytes,  more  particular  mention  will  be  made  of  the  types  of  erup- 
tion and  of  the  various  ways  in  which  they  manifest  themselves. 

TRACHYTE. 

It  is  the  group  of  trachytes,  above  all  others,  that  claims  our  atten- 
tion. Not  only  are  the  varieties  presented  very  numerous,  but  also  the 
modes  of  appearunre.  Independent  of  the  chronological  successions, 
we  can  appropriately  divide  volcanic  eruptives  in  accordance  with  their 
methods  of  protrusion.  Such  a  division  will  not  only  furnish  a  clue  as 
to  the  general  appearance  of  the  volcanic  rocks,  but  also — alter  their 
character  has  once  been  recognized — to  their  geological  age. 

The  distinction  between  massive  and  volcanic  erupt  ions  has  long  since 
been  uinde,  but  it  is  inadequate  to  express  all  the  most  typical  forms 
that  will  be  observed.  Five  types  of  volcanic  eruptions  may  be  dis- 
tinguished : 

Massive^  denoting  the  fact  that  the  lava  was  poured  out  through  one 
or  more  great  tisvsures  or  oi>enings,  and  upon  reaching  the  surface  im- 
mediately spread  in  every  available  direction. 

Volcanic  eruptions  are  such  where  the  lava  was  propelled  outward 
through  a  cylindrical  tube  or  narrow  fissure.  Incident  upon  this  method 
of  eruption  is  the  gradual  formation  of  a  crater  and  its  accessories. 

Isolated  eruptions  may  be  characterized  as  such  where  the  lava  issued 
from  one  or  more  openings,  flowed  slowly,  and  succeeded  in  building  up 
a  mountain  or  group  of  mountains.  No  indication  of  craters  or  other 
features  of  the  volcanoes  of  the  ijreseut  day  are  noticeable. 

yl7i«r/mc/ic*  eruptions  are  those  comprising  one  or  more  dikes  or  a 
dike  system.     Niirrow.  sometimes  long,  fissures  are  formed  in  various 

*  1  huve  coined  tliin  woril  in  lieu  of  one  expretiHing  the  main  character iHtic8  of  the 
group  It  deHiguaies. — E. 
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rocks  add  strata  by  plutonic  or  volcanic  seismic  action.  Lava  is  in- 
jected  into  these  fissures  presenting,  eveutaally,  the  most  typical  ap- 
pearance.   Belonging  to  this  group  are  the — 

Intrusive  eruptions.  These  latter  are  distinguished  from  the  former 
by  their  relative  position  to  the  rocks  adjoining.  An  anarhactic  erup- 
tive will  usually  be  so  located  as  to  stand  at  approximately  right  angles 
to. the  stratification  or  structural  planes  of  the  formations  it  traverses. 
In  case  it  becomes  intrusive,  however,  which  only  can  occur  in  sedimen- 
tary or  in  stratified  beds,  the  foreign  material  will  appear  as  one  of  the 
members,  will  be  in  part  conformable  with  them,  and  partake  of  their 
various  inclinations  and  deviations. 

Scattering  eruptives  comprehend  groups  of  small,  isolated  volcanics. 
They  are  intimately  related  as  regards  genesis  and  age,  but  appear  as 
studding,  mostly,  one  of  the  younger  s^imentary  formations. 

These  divisions  will  not  be  found  to  apply  to  all  the  sub-groups  of 
trachytic  rocks.  Some  of  them  show  one  or  the  other  feature  only. 
The  subjoined  groups  of  the  entire  trachyte  series  are  based  mainly 
upon  the  observations  made  in  the  San  Juan  Mountains.  I  first  pro- 
posed it  two  years  ago*  and  have  since  found  the  classification  corrob- 
orated wherever  I  have  met  with  the  group.  In  case  we  have  before 
us  an  anarhactic  occurrence,  it  becomes  a  matter  of  difliculty  to  decide 
to  which  subgroup  of  trachyte  it  should  be  referred.  unlei'S  it  is  in  direct 
connection.  Lithological  characteristics  alone  will  not  always  suf- 
fice to  admit  of  final  discrimination.  It  seems  highly  probable  that 
many  of  the  dikes  and  dike-systems  we  observe,  though  but  a  short 
distance  removed  from  the  trachorheites  would  most  probably  correctly 
be  regarded  as  much  younger. 

Trfuhyte  No.  1  .t — The  rocks  belonging  to  this  group  may  be  regarded  as 
accessories.  In  the  southern  edge  of  South  Park  they  were  first  noticed, 
in  connection  with  the  andesites.j:  1  have  characterized  the  occur- 
rence ther^  as  andesitic  tutt*.  But  tew  localities  were  found  before  1874 
which  furnished  satisfactory  opportunities  for  comparison  and  study  of 
this  groi4p.  As  soon  as  they  were  found,  however,  it  became  apparent 
that  the  tuff  belonged,  most  ])roperly,  to  the  ti*achytic  series.  I  am  in- 
clined to  the  opinion  that  the  tuffn  were  ejected  alter  the  cessation  of 
andesitic  eruptions,  and  immediately  preceded  those  of  the  trachytes. 
In  its  generic  character  the  trachyte  No.  1  forms  a  peculiar  group.  Al- 
though not  fully  answering  the  requirement  of  what  has  been  de- 
scribed as  an  isolated  groui>,  it  posf^esses  many  of  them. 

Essentially  the  members  of  this  group  are  composed  of  what  the 
Italian  calls  lapiUi,  of  finely  8e])arated  volcanic  ash  and  fragmentary 
portions.  Almost  every  volcanic  eruption  of  the  present  day  is  either 
preceded  or  tollowed  by  an  ejection  of  *'  ashy"  material  from  the  crater. 
The  fate  of  Pompeii  and  Herculauenm  show  to  what  an  enormous  ex- 
tent these  ash-eruptions  can  increase  even  within  the  historical  period. 
I  regard,  therefore,  the  ash  accumulations  observed  in  the  same  hori- 
zon, at  so  many  localities,  as  the  beginning  of  the  trachytic  series. 

Inasmuch  as  the  ejections  of  ash  and  tuff  takes  place  sporadically, 
and  as  the  material  has  not  that  nature  which  allows  it  to  spread  over 
any  considerable  area,  it  will  be  found  that  the  trachyte  No.  1  is  found 
only  in  isolated  patches.  Its  horizon  in  the  vertical  scale  is  well  estab- 
lished and  constant,  but  its  horizontal  distribution  is  more  or  less  acci- 
dental.   A  number  of  typical  localities  were  observed  both  in  1873  and 

*  Bull.  U.  8.  Geol.  Surv.,  No.  3,  second  series,  May  15,  1875,  p.  151. 
t  Rep.  U.  8.  Geol.  Surv.,  1874,  p.  195. 
X  Rep.  U.  S.  Geol.  Sarv.,  1873,  p.  320. 
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1874.  Among  the  most  prominent  are  the  deiiosits  cMiatli  of  Black 
Mountains,  east  of  the  jnnction  of  Coochetopa  and  Tomichi  Greeks,  on 
White  Earth  Creek,  and  along  the  liio  Grande.  Perhaps  the  most  ex- 
tensive mass  of  this  material  occnrs  on  White  Earth,  and  as  the  name 
is  at  the  same  time  a  descriptive  one,  I  shall  term  the  trachyte  No.  1 
the  White  Earth  group. 

An  average  thickness  of  about  800  feet  may  be  accepted  for  this 
group  throughout  the  8an  Juan  country.  It  is  readily  recognized  by, 
ihe  striking  colors  it  exhibits.  Most  frequently  white,  gray,  and  yel- 
lowish colors  predominate,  but  pink,  greets  brown,  and  e^en  black  are 
not  wanting.  Upon  first  glance  the  tuffs  composing  this  group  represent 
variegated  marls.  More  or  less  frequently  hard  interstrata  are  contained 
therein,  in  that  case  producing  terraces  upon  weathering.  G^nerallyy 
the  material  composing  trachyte  No.  1,  is  a  light-colored  I'eldspathic  ag« 
gregate,  loosely  cemented. '  At  some  lociilities  bowlders  and  fragments 
are  Ibund  inclosed,  giving  the  beds  the  appearance  of  a  breccia.  Min- 
ate  crystals  of  sanidite,  hornblende,  mugiietite,  obsidian,  and  some- 
times oligoclase  are  found  in  the  tuffs.  On  account  of  their  readily- 
yielding  physical  constitution  they  are  rapidly  attiicked  and  worn  away 
by  erosive  agents.  Water  courses,  wind,  and  other  causes  carve  out 
most  peculiar  shapes  from  the  gradually  disappearing  soft  bluffs.  Hard 
interstrata  may  give  rise  to  the  formation  of  '*  monuments."  Toward 
the  top  of  the  series  not  infrequently  thin  beds  of  a  hard,  brown  tra- 
chyte are  interbedded  into  the  tuffs.  Succeeding  flows  of  lava  have 
thoroughly  buked  them  and  they  now  are  hard,  brittle,  almost  jaspery 
in  their  appearance.  Here,  too,  we  may  often  find  concretions  and 
nodules  of  various-colored  jasper  and  of  semi-opal.  These  two  minerals 
cannot  be  regarded  as  characteristic  of  the  White  Earth  group  only,  as 
they  occmr  frequently  higher  up. 

About  three  miles  south  of  Black  Mountain  these  tuffs  were  found, 
resting  upon  the  nndesite  of  that  region.  The  tuff  here  shows  a  thick- 
ness of  about  200  feet,  is  white,  yellow  to  pink,  greenish,  and  even 
brown.  Several  ravines  have  been  washed  into  the  loosely-oemented 
material,  and  their  sides  are  studded  with  a  variety  of  grotesque  forms, 
the  result  of  erosion.  Toward  the  base  the  tuff  becomes  more  compact, 
is  gray,  and  closely  resembles  a  very  coarsegrained  sandstone.  True 
to  the  rule,  this  is  only  a  local  deposit.  Soon  the  tuff's  thin  out  toward 
the  e<l^es,  and  either  disappear  altogether,  or  are  covered  by  younger 
rhyolitic  eruptions.  From  a  section  taken  in  the  course  of  north  80<^ 
east,*  the  relative  position  of  the  tuffs  may  be  seen.  No  doubt  the 
eruption  which  gave  rise  to  the  formation  of  Black  Mountain  occuiTed 
not  from  it,  if  not  the  main  point  of  outflow  was  directly  there.  From 
there  the  lava  flowed  in  a  southerly  direction.  This  same  course  wa« 
also  taken  by  the  tuffs.  Outside  of  the  main  volcanic  group  the  tuffs  of 
this  period  do  not  often  appear.  They  seem  to  be  replaced  at  some 
])oints  by  breccias,  but  these  do  not  b(»ar  the  same  relations  to  older  and 
youn«;er  volcanics  as  the  tuft's.  In  Wet  Mountain  Vallej'  a  few  occur- 
rences of  tuffs  were  noticed,  but  they  are  of  no  importance. 

Near  the  junction  of  the  Cochetopa  and  Tomichi  Creeks  a  compara- 
tively large  mass  of  andesitic  tuft's  belonging  to  this  group  are  found.t 
White  and  yellow  tufts  cover  Middle  Cretaceous  shales  and  are  in  turn 
covered  by  sanidiuitic  trachytes.  Erosion  has  dealt  with  the  tuft's  in 
the  usual  manner.  Uere,  too,  the  horizontal  extent  of  the  tuft's  is  not 
very  great.    They  have,  no  doubt,  succeeded  the  eruptions  farther  east, 

*  Hep.  U.  S.  Geol.  Surv.,  lH7a,  p.  311.  t  Kep.  U.  S.  Geol.  Surv.,  1673,  p.  345. 
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and  have,  in  tarn,  been  covered  by  the  enormonB  masses  of  lava  coming 
from  the  southwest. 

One  of  the  most  typical  occnrrences  is  fonnd  on  White  Earth  Greek.* 
The  tafb  are  of  white,  gniy,  and  yellowish  colors,  disintegrating  very 
readily.  It  is,  perhaps,  softer  here  than  o.t  most  other  localities,  and 
for  this  reason  does  not  exhibit  the  nsnal  pictnresque  products  ot  ero- 
sion. Farther  northward,  in  Dr.  Peale's  district,  the  tuffs  either  do  not 
continue  or  they  are  covered  by  younger  members  of  the  trachorheitio 
division.  Inasmuch  as  granite  in  exposed  along  the  Gunnison,  north  of 
White  Earth  Creek,  the  former  view  is  probably  the  correct  one.  The 
extent  of  the  tuffs  on  the  White  Earth  could  not  be  determined,  as  the 
trachytes  above  them  obscured  everything. 

Two  lociilities  along  the  Kio  Grande  show  a  good  development  of  the 
White  Earth  group.  At  the  junction  of  Lost  Trail  Creek  with  the  Kio 
Grande,  we  tiud  a  highly  typical  exposure.t  Bluffs  nearly  900  feet 
high  show  the  outward  characteristics  of  variegated  marls.  Upon  ex- 
amination they  prove  to  consist  of  trachytic  tuff.  A  stiiking  feature  is 
the  marked,  apparent  stratification.  This,  however,  is  not  due  to  con- 
secutive strata  in  the  proper  sense  of  the  word,  but  is  owing  to  accu- 
mulations of  coloring  material  within  certain  horizontal  zones.  Mag- 
netite is  dispersed  throughout  the  entire  mass  of  the  tuffs,  and  it  is, 
primarily,  this  that  produces  a  number  of  colors.  Different  stages  of 
oxidation  manifest  themselves  by  different  colors.  Thus  are  produced 
various  shades  of  yellow,  orange,  brown,  and  green.  Westward  the 
tuffs  extend  beyond  Pole  Creek,  but  are  mostly  hidden  from  sight  by 
trachyte.  On  Pole  Creek  they  once  more  crop  out,  and  it  may  be  ob- 
served that  they  are  harder,  more  compact,  than  farther  east. 

Another  locality  where  the  tuffs  appear  is  near  Crooked  Creek,  at  the 
head  of  Antelope  Park.  They  differ  in  nothing  from  the  others,  and 
are  of  but  small  horizontal  extent.  Although  the  characteristics  and 
appearance  of  this  group  within  restricted  areas  are  very  constant, 
their  occurrence  is  practically  an  accidental  one,  and  they  are  not 
posessed  of  the  same  value  in  systematic  classification  as  the  younger 
members  of  the  Trachorheite  group. 

An  interesting  occurrence  was  found  north  of  Saguache  Creek,  near 
Reck  Cliff  Dairy.  Between  two  andesitic  hills  a  valley  was  in  part 
tilled  with  tuffis.j:  Only  a  slight  accumulation  was  found,  resting  upon 
the  andesites  directly ;  the  remainder  seemed  to  overlie  portions  of  a 
local  Tertiary  freshwater  deposit.  Through  this  tuff  a  dike  of  por- 
])hyritic  obsidian  had  found  its  way  to  the  surface.§  The  black  obsidian, 
15  leet  in  thickness,  contrasts  admirably  with  the  bright  yellow,  green- 
ish, and  pink  colors  of  the  tuff.  Numerous  small  fragments  of  the 
toft*  are  inclosed  by  the  obsidian,  and  they  are  in  this  case  thoroughly 
baked.  In  appearance  they  closely  resemble  jasper.  For  several  feet 
on  either  side  of  the  dike  has  this  baking  influence  extended  itself, 
until  the  heat  of  the  molten  obsidian  was  no  longer  able  to  melt  and 
change  the  feldspathic  tuffs.  Small  concretions  of  cloudy  agate  and 
Hemiopal  occur  at  the  borders  of  the  dike,  it  seems  uncalled  for  that 
siliceous  concretions  should  occur  so  frequently  near  the  junctions  of 
two  different  volcanic  rocks,  neither  of  which  contains  free  quartz  else- 
where. From  the  constant  form  in  which  the  quartz  occurs — that  of 
jasper  and  semiopals  mostly,  less  frequently  of  chalcedony  and  agate — 
1  am  led  to  the  inference  that  the  silica  may  have  been  brought  forth 
in  a  hydrated  condition,  together  with  the  younger  erupted  material. 

*  Kep.  U.  S.  Gfeol.  «urv.,  1«74.  p.  202.  t  Kep.  U.  «.  Geol.  Sarv.,  Ib73,  p.  344. 
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111"  *■  »:'.«.-  ■  i.n.  T  i.i!;i  •rir^r'v.'.^  ii.z'i'  i.t'-t  't?t?ii  •*iEiMC£eiL    Aakioo. 

'".^  •  ..'•  ..t*:!.*-;  ♦HOT*  *r»*it;;u  rVan  ir«-^  .€  .2.:«»rtK:.    TIkfr 

^a«;    ^.•■-  t.i^  41*11.*..  .^.r/^r^--*  •■.c   ^Kiiitl -^.  ^x^  bfH»oua{|c 

ir*  «rr-.rr.ir-*  .,*  ••nut^G "rrtt  kn  -i^r-^tril  wiu«.*«sib     Wiiam  zht  4£k^  wt 

iyoc-rr*-  -..c*  ii.iT.^  'i>w:  2*:':i:i:il  .*i.'*^x  irn?  ti  T.ji^-Aait:  roi:kA.  Utte-of  the 
:>!4r  i  iOTi  ^,  cii*t  •>w^r7*c-":>t  n-rcLT  Trr..."!.  :a  LoiiiMiLu^    Tktfe  m  cob- 

Tf'i^/tH  *  ^  ,.  j.- — I>-*.i  vir.r*!    :i  :-*  Li-ii.>iij^.oal  A»uazci»  than  the 

TT.:,.  2«'o.  :  vvi  Ti-*  <;^:»:»rt^  -  -  y>. ....  -.^1*  iirroock  »tv»»*  Boc  pc««PBCfadi 
K.K-i'1.  t^.iry:t»:r-j*;:  «:7»  i«  :^»r  o:a«rr  ;»•:•.  Thr  rovii^  Are  b%  C*r  kuder 
**. ;  .*.'-.:'r  •■:ijc :*ii*-  rxia  t-.««r  •.«£'  :-r  r.c^>-ii.ng  grMipv.  And  tk?  are 
:^/'rT  .  ..r  v.  Ts.-L-r.ir.'i  ir:«>.r^r  ijrL:*-  We^iiitriQjc  iato  cofli|iani- 
'.r.'  *r..:.  :r:5-r.r->  •.:'  i  l^L.:-..r«. m  ol  r.  :hi*  cmchjte  jeenmllf 
f7r •*--.••  jt^r.-  /  r.-cv^^i  ii*  r-^  ir»r  zLk  cmj^  or  biaiis  i*r  ■onattinf, 
i-;*  .  'i-i-.o'-.. >;-•";.  .-  :.r'.>^»-.  •*.....  aL»l  in  xm-pI*,  nabcDkeo  wf^ 
?-^"..^  :.  >-.  -.'...-r.- -.rL".;:.  •l-L.>*  i's  ;  r»f?*cc*-.  £xc«p(u>BS  troB  tbts 
Ts.r  >.:r  :,;'.  X/i:.-.:.^.  L:-x^-.rr.  Tr-j.Ljce  No. -:»  loand  chiefly  along 
ti.*r  rr.  :,'i  -::z  .. i^ir  .>f  :i.r  r?«i!i  -laai.  MVaiitaiii^  T^ken  as  a  vholi-, 
ti-*:  'r-r  ..;;*.  >.•  Tr.l  .i*  L  r.z.^:.:.!.  arr^icgt^aieL:  of  the  voieanicsio  that 
r-i-^:  '.  >  ri::^  .->'..  r^::r-.t.ir.  W»:  ::l«].  iLerefore,  rhas  in  ic»  greatest 
fi*-;.:--.-.  .-.•  •  .*r  ^••■^•^r  !.«ri;-  3ii-:  ir'.-Lp*  are  m«;«s:Iy  expo^i^  Great 
r;:..-..::r.  "-■  <:  :*r": -^rrj: -i :  c.  v:;2«"er  w:.^  lur  found  lo  exist  io  tlie 
rr>...  ^;-o:  •^.-  2..:r.:..  a-  .i  :u!c  :Lr-  pj*:e  :s  [L:i.'ri.<r\<:aliiDe.  slightly 
v^-  .  ..-  ^:  I-.  :..:  i..-.  Nr::;.r-:.  >  >c...  '.  i.r>s'al.>  of  sanuiite  are  dial- 
J/*-:-*-';  •:,:■.  .uri'*'.".  Ti-vy:  .'rti  vt:u  *':.x:'j-:t:«'e  cry*;aU  ot  bla«:k  mica, 
i';.-;.-.  .•  :.  .rr.  i  r:.'l-.  *'.:.: tizi^^u  !■»  .'..L'.k.  iV-ui  s:»arinsly.  Wben 
iif"*.:..:  :  ,..^r.  :..r  K-i.^ii  •>:  ::-»f  r«>:k  i^  ■•r:«Lc-iii:iik.  w.th  a  biutrish  tiuge, 
or  !•■  .-..-:.  :.r  i:«i:,.  f/j-ori  ^x|H><r;r»-  ::  ^n%u  L»rvoairs  duil.  Toward 
Tr.^  '^r,  ,:  *;.►-  ^T"-.:!  r»<>:;il»-.-  ^\A  1m:.«:>  of  |»ori'Lvmic  inlch-^looe  aud 
oij".  .  .-'I  -*-•  ::..  Ii.ey  nre  cLcir.c>:>":i;  uf  ru;>  jiroui^  and  almost  en- 
:.:•-.•.  r:.,r.:.r.-i  to  ir/  A  roTi-.l  thii  a^es*  of  aLK;»ut  l^W  feet  may  be 
'afiyyt-A  ;j-  ffjM  .iv*T<i2f:  fi;r  this  gro/.'i«.  i)\\  acoouu:  or  it^^ tO|>ogTaphical 
ji^z-.-.y:;.  1  -i.i.:  f:.-:irjja..-:i  tracbyc^  N'o.  J  as  the  ••  lliver  group.^  Iw 
|K/«!rir>!i  .'jior;^  tLh  bfiidei.s  of  the  luaiu  .>treams  uf  ibe  San  Joan  region 
jii-:..lif  ?•  t:,»-  r.aii.e. 

A,Thoi'::ij  in  no  iJireot  fOTjiiection  wbatever.  I  am  inclined  to  regard 
tKr.  ui'j:\i\Xf"-  f}\  riie  KisttTii  ji  irtioii  of  Coloiadoas  belonging  to  this 
tMor  |,.  r»-rr.iir.;y  tueir  rtrlative  pMsiumi  to  the  andesites  and  tuffs 
;i-r.:;r.-  ?o  rij.-m  thjr.  [liuo*-.  Litliolo;iicariy,  also,  ibey  agree  very  well 
wifi;  Mj<-  r'i;i:.jr:f-i.>ti(r>  »"xh':i>.ii-d  bv  the  trioup  elx^wbere.  It  is  natural 
tfjiit  .ifj  .:.*••;  VH:..rj;(  .'*j»;i<:f-,  «levo:«l  uf  v«»!c.iniL-s,  so  larjje  as  t be  one  id 
rt.i'  \,:r.'^:\.^l  ir.^Mficf-,  >Loul*i  1«.m«1  us  ti»  expect  considerable  cbauges 
jii  th<-  ;::•.  j;i-  ri..ir  iim>t  In-  rp^r-irded  a>  be'.iHi«:in,ir  to^etber.  In  its  phy- 
>^!r:,i!  i',\i.i.:i(:U':.  No.  L'  belorji,"*  to  tbat  tyiiu  wbicb  bas  been  designated 


•  ^or-  V  ^"'/i'';;  "'.i.'.  liiliiT,  L*:ipzig,  IrTl.p.  1.     'Rep.  V.  S.Ge  L Smt.,  1874,  p,  196. 
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Oo  the  higber  fiortions  of  the  moantainoas  region  lying  to  the  west- 
ward of  Pike's  Peak  we  find  trachytes  that  are  referable  to  this  gronp. 
They  are  generally  foand  saperincambent  upon  the  andesites  or  tuffs. 
Kegular  stratification  is  shown,  indicative  of  the  regularity  of  the 
flows.  It  may  be  observed  that  the  upper  {lortions  of  each  flow  or 
stratum  have  been  remelted  or  baked  by  bucceeding  flows  of  hot  lava. 
In  color,  mineralogical  composition,  and  physical  features,  these  occur- 
rences agree  very  well  with  the  characteristic  of  the  western  rocks  be- 
longing to  the  same  group.  Not  only  do  we  find  them  in  the  formerly 
continuous  series  of  volcanics  of  this  region,  but  they  may  also  be  ob- 
served in  connection  with  smaller  local  massive  outflows.  East  of  Wet 
Mountain  Valley,  toward  the  Greenhorn  Bange,  a  large  portiou  of  the 
metamorphics  are  covered  by  such  trachyte.  Local  outcrops  occur  at 
various  points  along  the  Arkansas  River,  along  the  southern  and 
southwestern  edge  of  South  Park,  and  in  the  southern  portions  of  the 
Sawatch  Bange. 

In  the  region  of  the  San^uan  Mountains  the  Biver  group  is  admira- 
bly well-developed.  It  is  in  sight  ut  all  those  points  at^which  the 
tuffs  have  been  mentioned,  and  overlies  them  uniformly.  Along  the  Bio 
Orandewe  have  occasion  to  study  the  Biver  group  most  effectually. 
Disruption  of  the  volcanic  strata  has  there  produced  a  number  of  ver- 
tical or  very  steep  bluffs.  On  their  faces  we  notice  a  very  uniform  ap- 
pearance of  the  rock  and  the  characteristic  obsidianitic  inclosures  near 
the  top.  Throughout  the  entire  district  No.  2  can  be  traced,  always  oc- 
cupying the  same  relative  position.  An  astonishing  regularity  of  the 
flows  can  be  observed,  and  it  is  possible  to  follow  the  same  unbroken 
stratum  sometimes  for  nearly  50  miles.  This  feature  indicates  the 
grand  scale  upon  which  the  volcanic  eruptions  of  the  region  occurred. 
Southward,  throughout  the  extension  of  the  San  Juan  Mountains  the 
Biver  group  appears  near  the  base  of  the  mountains.  It  there  totally 
obscures  any  of  the  tuffs  that  may  occur.  Few  of  the  streams  within 
the  main  mountain-mass  cut  down  low  enough  to  expose  this  trachyte, 
and*  we  therefore  find  it  almost  exclusively  along  the  edge.  Owing 
to  a  cou8t.ant,  though  gentle,  easterly  dip  of  the  stratoid  flows.  No.  2 
DO  longer  can  be  found  on  the  eastern  border  of  the  range,  but  is  con- 
fined to  the  western.    Its  character  is  uniform  throughout. 

Following  the  course  of  the  Bio  Grande,  we  find  a  full  development 
of  the  Biver  group  at  Wagon-Wheel  Gap.  The  total  thickness  there  is 
alK)nt  1,200  feet.*  In  the  lower  portions  of  No.  2  numerous  inclosures 
of  jas|)er,  chalcedony,  and  agate  occur.  Many  fragments  of  these  may 
be  found  on  the  south  side  of  the  gap.  Toward  the  northeastern  and 
northern  border  of  the  volcanic  area  these  trachytes  continue.  They 
form  some  of  the  low  rounded  bluffs  along  Saguache  Greek,  and,  extend- 
ing beyond  the  Los  Pinos  agency,  are  found  fully  developed  again  on 
White  Earth  Creek.  Wherever  favorable  opportunities  were  afforded, 
plateaus  are  formed,  in  receding  terraces,  by  the  members  of  this  and 
the  next  higher  group.  North  and  west  of  my  district  Dr.  Peale  has 
found  the  continuation  of  the  Biver  group  in  his  district.! 

Although  evidences  of  forcible  disturbances  are  not  wanting  in  this 
group,  they  are  not  so  numerous  nor  so  characteristic  as  higher  up. 
Wagon-Wheel  Gap  affords  one  of  the  most  striking  examples  of  this 
kind.  There  a  hill,  located  transversely  to  the  course  of  the  Bio  Grande, 
has  been  rent  asunder,  and  the  riyer  has  found  its  way  through  it. 
Columuoid  structure  of  the  upper  portions  of  the  trachyte  may  have 

•  Rep.  U.  S.  Geol.  Sarv.,  1875,  p.  154.  \  Ibidem,  p.  93. 
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facilitated  the  disrnption,  which  seems  rather  difiScalt  of  explanation. 
Seismic  action,  in  preference  to  any  other,  may  be  regarded  as  the  caase. 
It  will  be  noticed  that  mineralized  springs  not  nnfreqaently  occur  in 
this  namber  of  the  trachyte.  Its  comparatively  ready  decomposition 
and  its  usual  orographic  position  explain  this  feature.  The  roost  promi- 
nent among  them  are  the  hot  springs  of  Wagon-Wheel  Gap.* 

As  occupying  a  position  between  trachytes  No.  2  and  No.  3,  we  may 
regard  the  trachytio  breccia  or  conglomerates.  It  is  evident  that  the 
horizontal  distribution  of  this  conglomerate  must  necessarily  be,  to  a 
certain  extent,  commensurate  with  the  distribution  of  the  voloanics.  In 
1874  I  found  but  few  localities  where  the  conglomerate  was  exposed. 
Altogether  our  explorations  were  carried  on  too  much  within  the  mount- 
ains to  show  us  the  former  shores  of  the  volcanic  land.  Dr.  Pealet 
found  the  conglomerates  covering  an  extensive  area  north  of  theGunni* 
son  Eiver.  This  is  the  northerly  continuation  from  the  main  San  Juan 
group  of  volcanics.  He  found  the  conglomerates  overlying  Cretaceous 
beds,  and  covered,  in  turn,  by  rhyolite.  Inasmuch  as  the  inner  limits 
of  the  conglomerates  must  be  regarded  as  the  shore-lines  of  the  ancient 
volcanic  land,  its  distribution  becomes  a  matter  of  importance.  Cer- 
tainly large  quantities  of  the  readily-disintegrated  material  have  been 
removed  from  their  original  places  of  deposition,  and,  in  consequence, 
the  exact  limits  cannot  be  accurately  drawn.  Essentially,  as  is  seen 
from  the  occurrence  of  the  conglomerates,  the  volcanic  land  hod  at  one 
time  the  same  general  shape  that  the  entire  area  shows  at  present. 
Eastward  of  the  conglomeritic  beds  found  by  Dr.  Peale,  they  seem  to 
disappear.  No  conne<?tion  was  observed  between  the  group  north  of 
the  Gunnison  and  the  one  appearing  a  short  distance  north  of  Del 
Norte.}  Along  the  eastern  edge  of  the  San  Juan  Mountains  the  con- 
glomerates appear  in  the  deep  cauous  of  the  Eio  Grande  drainage.  On 
tlieOonojos  particularly  the  walls  have  been  carved  into  fantastical  shapes 
out  of  the  soft  material.  It  will  be  remembered  that  the  volcanic  mount- 
ain area  becomes  narrow  as  we  reach  a  locality  as  far  south  as  Rio  San 
Antonio.  West  of  the  headwaters  of  this  stream  the  connection  of  the 
conglomerates  of  the  two  sides  is  almost  accomplished.  Along  the  en- 
tire western  border  of  the  mountains  we  find  the  conglomerate  again. 
It  occupies  an  absolutely  higher  position  than  farther  east,  owing  to  the 
easterly  dip  of  the  volcanic  strata.  Near  the  Rio  Grande  Pyramid  it  is 
lost.  Again  it  appears  on  the  drainage  of  the  San  Miguel  and  of  the 
Unconipahgre.§ 

In  thickness  this  conglomerate  shows  considerable  variation  when 
distant  points  are  comi)ared.  Near  the  Rio  Grande  Pyramid  the  thick- 
ness is  about  200  feet.  As  we  proceed  southward  along  the  western 
base  of  the  mountains,  it  increases  considerably.  At  Pagosa  Peak  we 
find  it  to  be  1,200  feet,  and  on  the  headwaters  of  Rio  Navajo  about  1,500. 
Crossiuja:  over  to  the  eastern  slope  of  the  range,  and  examining  as  we 
proceed  northward,  the  same  conditions  are  apparent.  On  the  Conejos 
the  thickness  of  the  (longlomerates  is  about  1,200  feet,  on  the  Alamosa 
700,  and  north  of  Del  Norte  about  300.  North  of  the  Gunnison  River 
Dr.  IVale  lias  found  the  thickness  of  the  breccia  to  be  400  feet.  At  no 
other  locality  in  Colorado,  except  in  connection  with  the  main  San 
Juan  voleiinic  group,  was  this  breccia  observed.     Its  exivStence  is  owing 

•  Itcp.  IJ.  S.  Geol.  ISurv.,  Ie75,  p.  154  j  Kep.  Expl.  aud  burv.  west  lUUili  Mer.,  vol.  iii, 
187:).  p.  Oj:{. 
tKop-  ^''  S.  Geol.  Siirv.,1874,  p.  170. 
I  Kep.  U.  8.  Geol.  Snrv..  1H75,  p.  1^03. 
$  Kop.  U.  S.  Geol.  Surv.,  1875,  p.  94. 
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to  what  may  be  regarded  as  an  iocidental  caase,  and  its  accompaniment 
of  trachyte  No.  2  is  not  an  invariable  occurrence.  Dependent  upon 
favorable  orographic  and  hypsometric  conditiousi  it  has  been  deposited 
in  varying  masses  along  the  border  of  the  former  volcanic  peninsnla. 
There  is  scarcely  any  doubt  that  the  waters  into  which  the  conglomerate 
was  deposited  occupied  but  a  restricted  area  as  compared  to  that 
covered  by  immediately  preceding  formations.  After  the  ejection  of 
the  lava  which  composes  the  flows  of  the  Eiver  group,  a  peri{fherical 
subsidence  probably  took  place,  permitting  the  accumulation  of  water 
along  the  borders  of  the  volcanics.  I  have  not  enumerated  the  con- 
glomerates as  an  independent  group  in  the  list  of  volcanics  of  Colorado. 
This  omission  has  been  made,  because  I  regard  its  presence  and  its  de- 
velopment as  essentially  accidental.  Very  few  extensive  groups,  indeed, 
of  volcanics  occur  anywhere  without  being  accompanied,  more  or  less, 
by  tufifs  and  breccias  or  conglomerates. 

Structurally  the  conglomerates  present  the  usual  type.  At  some  lo- 
calities a  separation  of  the  coarse  from  the  fine  material  was  observed. 
Not  unfrequently  '^  bands  ^  seem  to  occur  in  the  conglomeritic  walls, 
often  continuing  and  visible  for  a  long  distance.  Upon  examination, 
these  bands  prove  to  be  of  different  physical  composition.  Mostly  they 
are  composed  of  more  uniform  (in  size)  fioely-separated  material,  which 
is  either  cemented  together  more  loosely  or  more  firmly  than  the  sur- 
rounding masses. 

An  examination  of  the  lithological  character  of  the  bowlders  con- 
tained in  the  conglomerates  shows  that  we  have  before  us  the  larger 
quantity  as  resembling  the  trachytes  of  No.  2.  Higher  up,  near  the 
upper  termination  of  the  breccia,  different  rocks  set  in,  however.  Some 
of  them  closely  resemble  the  porphyritic  trachytes,  others  can  scarcely 
be  found  to  differ  from  types  that  we  find  in  the  younger  groups  of  the 
trachorheitic  series.  I  am  inclined  to  the  opinion  that  local  eruptions 
took  place  during  that  period  of  time  when  the  main  volcanic  group 
was  nearly  surrounded  by  water,  and  that  they  furnished  the  material 
for  this  rare  species  of  conglomerate.  At  a  number  of  localities  evi- 
dence remains  of  the  deposition  of  the  breccia  into  water.  Dr.  Peale 
has  noticed*  its  *'  stratified  appearance,"  and  along  the  western  border 
of  the  mountains  such  evidence  was  frequently  observed.!  Near  Station 
30  of  1875  a  layer,  irregular  in  its  vertical  dimensions,  of  pumice  was 
noticed  near  the  top  of  the  conglomerates.  Upon  investigation  it  proved 
to  have  been,  originally,  obsidian,  which  flowed  into  the  water  receiving 
the  breccia. 

Characteristics  not  only  of  physical  composition,  but  also  of  physical 
appearance,  are  exhibited  by  the  conglomerates.  As  a  rule,  they  are  soft, 
easily  eroded,  readily  cut  by  flowing  water.  This,  in  connection  with 
the  irregular  distribution  of  bowlders  and  softer  portions,  is  productive 
of  very  marked  results.  Water,  wiud,  and  frost  carve  the  most  fantas- 
tic figures  out  of  the  yielding  material.  Steep,  frequently  vertical,  bluffs 
are  ornamented  by  many  varieties  of  forms.  Caves  and  arches  are 
formed,  the  former  not  seldom  affording  shelter  to  some  of  the  wild  ani- 
mals infesting  the  region.  In  case  the  breccia  be  firmly  cemented,  these 
detail  features  will,  in  a  great  measure,  be  lost.  Steep  walls,  either  as 
bluffs  or  in  canons,  with  but  scattering  monumental  ornamentation, 
characterize  the  harder  varieties  of  the  rock.  Throughout  the  volcanic 
area,  wherever  the  conglomerates  were  observed,  these  characteristics 
were  found  to  hold  good.    By  their  aid  this  group  can  readily  be  dis- 

*  K(^.  U.  S.  Geol.  Surv.,  1873,  p.  94. 
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tingaiRhed,  even  from  long  distances.  Adding  tbe  more  or  less  hori* 
Koutcil  arrangement  of  its  beds,  we  find. the  conglomerates  to  be  one 
of  tbe  mo8t  conspicuons  groups  of  tli«^  entire  volcanic  series. 

Trachyte  N^o.  3.* — This  sabdivision  I  have  separated  into  two  groups, 
No.  3  lotrer  and  upper,  Tbe  distinction  was  made  not  only  on  account  of 
litholojil^ical,  but  also  for  orographic  reasons.  No.  3  may  be  regarded 
as  tbe  most  widely  extended  of  tbe  trachy tic  series.  Wherever  the  River 
group/by  virtue  of  the  dip  of  tbe  flows,  has  disappeared  from  sight, 
there  we  find  No.  3  in  tbe  lower  portions  of  the  region.  Forming  promi- 
nent, characteristic  blufiTs,  with  steep  faces,  it  ma^'  at  once  be  distin- 
guished from  the  preceding  number  by  its  darker  color.  Offset  by  tbe 
conglomerates,  wherever  they  appear,  it  sharply  marks  its  own  horizon. 
In  tbe  interior  of  tbe  main  volcanic  area  it  is  generally  found  high  up, 
a%  tbe  lower  positions  are  monopolized  by  tbe  older  groups. 

No.  3  lower  is  recognizable  by  its  physical  appearance.  Almost  al- 
ways it  forms  steep  slopes.  When  found  in  tbe  valleys  it  incloses  them 
with  precipitous  walls.  A  tendency  to  columnar  structure  adds  greatly 
to  this  feature.  Lithologically  it  is  also  distinct.  When  freshly  broken 
tbe  specimens  show  a  reddish-brown  color,  but  are  dark-brown  upon 
weathering.  Toward  the  top  of  No.  3  lower  some  lilac-colored  beds  set 
in,  but  they  are  of  inferior  thickness.  Numerous  small  crystals  of  sani- 
dite  occur  in  tbe  brown  paste.  This  is  sometimes  compact,  sometimes 
slightly  vesicular.  Mica  (biotite)  is  found  sparingly.  It  is  black  when 
fresh,  splendent  bronze-color  after  exposure.  When  forming  the  slopes 
of  mountains  the  rocks  of  this  group  generally  weather  in  slabs  or  an- 
gular fragments.  Cases  of  reheating  and  baking  may  be  observed  com- 
paratively rarely  only.  For  this  lower  group  a  thickness  of  800  to  1,000 
leet  was  accepted,  wlierever  fully  developed. 

No.  3  up[>er  is  lighter  colored  throughout.  The  paste  is  a  grayisbred 
or  brown  and  lilac  or  pink.  Less  sanidite  is  found  in  this  group  than  in 
tbe  lower  one,  but  more  mica.  Hornblende  crystals  occur  as  accessory 
mineral.  Toward  the  top  of  the  group  a  series  of  beds  occur  that  I 
have  chfiracterized  as  "a  feklspathic  matrix  without  any  segregated 
minerals."!  In  color  they  contrast  strongly  with  tbe  underlying  group. 
They  are  either  white,  light  yellow,  gray,  greenish,  or  pink.  Al)out 
400  feet  may  be  regarded  as  the  maximum  thickness  of  this  series. 
Although  foiiiul  at  a  number  of  places,  their  occurrence  is  not  constant 
throughout.  It  may  be  that  they  owe  their  existence  to  local  outflows, 
or  perhaps  they  were  primarily  distributed  over  but  a  sm«iU  area.  The 
connection  has  been  obliterated  by  erosion  and  other  causes.  Within 
these  beds  pitch-stones,  mostly  porphyritie,  sometimes  occur.  A  local 
conglomerate  occurs  near  the  top  of  No.  3  in  the  vicinity  of  the  Rio 
Grande  Pyramid,  both  west  and  north  of  it.  It  stands  in  no  connection 
with  the  main  conglomerate,  bnt  closely  resembles  it  in  its  essential 
features.  Two  hundred  feet  may  be  regarded  as  its  maximum  tbickneas. 
For  No.  3  upper  we  can  assume  a  total  thickness  of  1,()(K)  to  1,500  feet. 
Variations  in  thickness  frequently  take  place,  rarely  involving  more, 
however,  than  a  few  hundreds  of  feet.  More  disturbances  of  the  orig- 
inal position  of  the  beds  have  aftectetl  this  group  than  either  of  the 
l)receding.  From  the  characteristic  position  occupied  by  the  members 
of  this  group  near  the  edges  of  the  main  volcanic  area,  and  from  tbe 
striking  appearance  the  strata  there  presents,  1  term  it  the  ''Blutt 
group." 

In  case  tlie  volcanic  beds  are  alternately  hard  and  soft,  we  will  ob- 

*  Keport  U.  S.  Geol.  Surv.,  1^74,  p  19C.  t  Kcp.  U.  S.  Geol.  Snrv.,  1?*74,  p.  »200. 
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serve  tlie  hills  to  be  terraced.  Near  Sagaache  thits  is  very  well  illus- 
trated.* 

For  the  appearance  of  the  members  belonging  to  trachyte  No.  3  we 
must  look  mainly  along  the  northern  and  eastern  border  of  the  mount- 
ains, in  the  interior  and  in  their  southern  extension.  Regarding  the 
San  Juan  Mountains  from  the  stand-point  of  a  geographer,  we  must 
separate  them  essentially  into  two  divisions ;  the  Uncompahgre  group 
find  the  San  Juan  Mountains  proi>er:  These  latter  I  have  regarded,  in 
the  Annual  Report  for  1875,  as  the  southern  extension  of  the  8awatch 
Uange.  Strictly  speaking,  they  may  be  considered  so.  The  term  ^^  San 
Juan  Mountains"  is  one,  however,  so  well  known,  and  so  indiscrimi- 
nately applied,  that  it  may  be  well  to  retain  the  name,  but  restrict  its 
application.  While  the  Uncompahgre  group  is  certainly  a  very  typical 
arrangement  of  the  most  rugged  mountains,  without  onler  or  system^ 
the  southern  continuation  of  the  entire  mountain-mass  is  definable  as 
a  range.  It  is  to  this  that  I  apply  the  name  of  San  Juan  Range.  Tak- 
ing a  comprehensive  view  of  it,  we  find  it  to  be  a  narrow,  elevated 
plateau.  Streams  and  other  agents  have  deeply  furrowed  it,  but  the 
main  summits  retain  a  uniform  elevation.  In  harmonious  relation  with 
the  rocks  and  beds  comi>08ing  this  range  do  its  orographic  features 
show  themselves  to  stjind. 

While  the  most  rugged  group  of  mountains  is  composed  mainly  of 
trachyte  No.  4,  the  San  Juan  Range  owes  its  existence  to  the  Bluff  group. 
A  short  distance  west  and  northwest  we  first  find  the  members  of  No. 
3  participating  in  the  structures  of  small  plateaus,  hills,  and  bluffs. 
Beaching  to  elevation  of  13,000  feet  above  sea-level,  we  find  deposited 
the  highest  memliers  of  the  group.  Conformable  with  the  underlying 
beds,  in  perfect  accordance  with  the  total  arrangement  of  the  volcanic 
flows,  they  frequently  form  the  summits  of  some  of  the  high  peaks  of 
that  region.  As  we  proceed  westward,  we  find  the  absolute  position  of 
the  beds  of  No.  3  to  be  higher.  Partly  an  amplification  of  the  strata 
accounts  for  this,  partly  the  general  easterly  dip  of  all  the  volcanics  of 
that  section.  The  highest  point  is  reached  on  the  summit  of  Uncom- 
pahgre Peak,  14,235  feet.  None  of  the  flows  belonging  to  this  group 
appear  to  extend  northward  beyond  the  Gunnison  River.  There  the 
conglomerates  are  covered  by  rbyolites.t 

By  far  the  greatest  development  of  trachyte  No.  3  is  found  in  the  San 
Juan  Range.  From  the  Rio  Grande  Pyramid  we  can  trace  the  members 
of  this  group  along  the  range  to  the  southern  border  of  Colorado. 
Porming  frequently  extensive  plateaus  that  are  but  little  lower  than  the 
highest  peaks  of  the  range,  the  flows  present  one  unbroken  series 
throughout.  The  gentle  southeasterly  dip  is  always  noticeable.  It  is 
owing  to  this  that  no  prominent  peaks  are  found  on  the  eastern  slope  of 
the  range,  while  the  western  is  amply  supplied  therewith.  Strictly 
speaking,  the  western  slope  is  but  the  abrupt  termination  of  the  plateau, 
while  the  eastern  is  essentially  irs  sloping  summit.  Erosion  and  abra- 
sion have  necessarily  bad  a  degrading  influence,  so  that  now  the  slope 
is  more  than  commensurate  with  tlie  dip  angle  of  the  volcanic  beds. 
Whether  the  isolated  peak  on  the  summit  of  tbe  ninge  should  be  re- 
garded as  evidence  of  local  eruptions  or  as  the  remaining  portions  of 
once  continuoA  beds,  seems  difficult  to  determine.  I  accept  the  former 
view.  Although  I  find  scarcely  any  variation  in  the  lithological  char- 
acter of  the  rocks,  tbe  flows  of  No.  3  are  so  uniform  and  continuous  in 
their  character,  that  I  cannot  regard  them  as  having  been  ejected  from 

*  Rep.  U.  S.  Geul.  Surv.,  Ib73,  p.  345.  t  Rep.  U.  S.  Geol.  Sarv.,  1874,  p.  170. 
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bat  very  few  places.  Ilad  large  masses  of  lava,  sach  as  we  now  find 
in  the  range,  issued  from  tbe  numerous  promiuent  peaks,  we  wonld 
scarcely  observe  tbe  same  uniformity  that  we  now  fiud.  At  the  same 
time,  tbe  peaks  in  question  do  not  at  all  exhibit  tbe  petrograpbic  char- 
acteristics that  we  should  ex|)ect  them  to  show  did  tbey  belong  to  a 
younger  gronp  of  volcanics ;  i.  «.,  were  they  remnants  of  flows  subse- 
quent to  those  of  No.  3. 

At  some  of  tbe  highest  localities  of  the  range  we  meet  with  the  bard 
variegated  beds  belonging  to,  and  souietimes  forming  the  top  of,  the 
Bluff  group.  On  Banded  Peak,*  and  farther  south,  they  were  noticed. 
Here  their  thickness  reaches  about  800  feet.  I  am  inclined  to  think  that 
a  number  of  tbe  upper  beds  of  No.  3  occur  in  very  much  lighter  colors, 
and  have  therefore  been  added  in  the  variegated  beds.  Porphyritic 
pitch-stones  and  obsidians  occur  here  also.  A  large  bed  of  pitch-stone, 
varying  from  4  to  15  feet  in  thickness,  was  found  near  tbe  Kio  Grande 
Pyramid  in  those  strata  and  traced  for  the  distance  of  about  six  miles. 

North  and  west  of  tbe  Quartzite  Mountains  No.  3  is  gradually  super- 
seded by  No.  4.  It  again  appears,  however,  on  tbe  western  and  north- 
western border  of  the  volcanic  area.  Underlying  the  younger  beds,  it  is 
mostly  found  at  the  base,  biding  from  sight  tbe  two  older  groups.  In 
several  instances  cations  are  cut  down  sufficiently  deep  to  expose  them, 
however.  All  of  these  older  groups  appear  to  thin  out  in  that  region, 
w^bile  tbe  younger  ones  reach  a  very  considerable  vertical  development. 

Displacements  of  strata  are  comparatively  frequent  in  this  group. 
Two  of  tbe  most  prominent  are  those  at  Mount  SSueffels  and  at  Bristol 
Head.  Tbe  former  we  have  named,  from  its  form,  tbe  Great  Ampbithe- 
atre.t  For  tbe  distance  of  2,000  feet  tbe  strata  have  dropped  down 
verticiilly,  causing  an  oval  depression  about  four  miles  in  length  and 
nearly  a  mile  wide.  On  nearly  all  sides  the  walls  are  perfectly  perpen- 
dicular. It  seems  probable  that  this  <'drop^  and  one  near  tbe  Bio 
Grande  Pyramid  were  causeil  by  enormous  caves.  To  all  appearance 
tbey  have  occurred  but  recently,  comparatively  speaking.  At  the  Great 
Amphitheater  tbe  strata,  removed  a  distance  of  nearly  half  a  mile  from 
their  original  position,  have  retained  a  certain  continuity  to  tbe  present 
day.  Although  cracked  and  broken  into  inuumeral)le  fragments,  tbe 
pieces,  often  weighing  hundreds  of  tons,  lie  side  by  side,  separated,  not 
rarely,  by  only  a  narrow  fissure.  At  Bristol  Headf  the  cause  of  tbe 
displacement  is  more  apparent.  A  small  ridge,  north  of  Antelope  Park, 
runs  parallel  with  tbe  edge  of  the  Bristol  Head  Plateau.  Upon  exami- 
nation, it  was  found  that  tbe  Bio  Grande  bad  probably  undermined  this 
l)ortion  by  washing  away  a  deposit  of  trachyte  No.  1.  Thus  tbe  weight 
could  no  longer  be  sustained,  and  tbe  unsupported  portion  dropped 
down  a  vertical  distance  of  more  than  1,000  feet.  Tbe  ^'drop"  is  not 
purely  vertical ;  it  was  accompanied  by  a  movement  toward  the  south, 
away  from  tbe  plateau  with  which  tbe  detached  portion  was  originally 
in  connection.  A  very  pretty  little  valley,  containing  Lake  Santa  Maria, 
has  thus  been  formed  between  the  two  steep,  enclosing  walls.  Local 
"drops"  of  small  dimensions  occur  quite  frequently  in  the  strata  of  the 
Bluff  group.  In  its  pb,ysical  character  this  group  belongs,  as  well  as 
tbe  preceding,  to  the  massive  volcanic  eruptions. 

Irachyte  No,  4.§ — Only  during  the  summer  of  1874  c||d  I  have  occa- 

*  Kcp.  r.  S.  Geol.  Surv.,  1875,  im<:o  Kw. 
t  Rep.  V.  S.  G«^ol.  Snrv.,  1874,  i>a«re  20G. 
t  I^'p.  r.  S.  (Jcol.  Surv.,  1874,  pa|;e  VJO. 

^  Rv\).  V.  S.  Gcol.  .Surv.,  1874,  p.  1% ;  Biillctiu  U.  S.  Gool.  Surv.  No.  3,  Eccond  Borios, 
May  15,  1.^7r>,  p.  1.3*^. 
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sion  to  study  this  series.  So  far  as  I  am  aware,  no  pnblication  has 
been  made  with  reference  thereto  since  that  time.  The  group  is,  hori- 
zontally, a  i*estricted  one,  but  fraoght  with  the  occurrences  of  the  high- 
est interest.  Not  only  are  the  rocks  themselves  of  very  peculiar  type 
for  the  position  they  occupy,  but  the  presence  of  many  metalliferous 
veins  lends  additional  importance  to  the  group.  It  occurs  in  the  heart 
of  the  Uncompabgre  group  and  extends  to  its  western  edge.  Some  of 
the  highest  mountains  of  that  region  are  partly  or  wholly  composed  of 
it.  The  latest  discoveries  of  ore- bearing  veins  seem  to  have  been  made 
at  localities  where  this  group  occurs  merely  as  capping  the  older  ones. 
With  other  words,  instead  of  the  veins  being  confined  to  No.  4,  they 
extend  through  it  and  can  be  reached  in  older  formations. 

On  the  point  of  petrographic  character  this  group  presents  more  vari- 
ations than  any  one  of  the  volcanics.  Many  brilliant  colors,  of  the 
most  delicate  shades,  are  shown  by  the  mountains  and  ridges.  They 
are  due  to  admixtures  of  certain  mineral  substances.  Dark  colors  may 
be  said  to  be  characteristic  of  the  main  bulk  of  this  group,  but  a  very 
prominent  exception  is  made  by  what  I  have  termed  the  ^^  red  stratum  J**^ 
Originally  white,  the  presence  of  ferric  oxygen  compounds  gradually 
changes  this  color  to  yellow,  orange,  red,  and  brown.  The  rock  is  a 
micro  crystalline  feldspathic  paste  of  white  color,  containing  very  mi- 
nute transparent  crystals  of  sanidite  and  small  crystals  of  pyrite. 
Throughout  the  district,  wherever  this  stratum  could  be  traced,  the 
crystals  of  pyrite  were  contained  in  it  as  an  ^'impregnation."  Some  of 
the  largest  cubes  seen  will  hardly  measure  0.5  millimetre  on  the  edge. 
Decomposition  of  pyrite  releases  the  sulphur  and  changes  the  iron  from 
a  bisulphide  to  hydrated  sesquioxide.  This,  in  varying  percentages, 
produces  the  colors  and  shades  above  enumerated. 

Stating  the  general  mineralogical  character  of  the  rocks  of  this 
group,  we  may  say  that  the  paste  is  compact  (rarely  vesicular)  and 
micro-crystalline.  Oligoclase  is  the  most  protninent  of  the  enclosed 
minerals.  Another  feldspar — triclinic,  probably  andesite— occurs  with 
it.  Sanidite  may  be  regarded  as  an  exception,  and  occurs  only  in  the 
lower  members  of  the  group.  Pyrite,  magnetite,  hornblende,  mica,  and 
chlorite  are  accessory  minerals,  of  which  the  first-named  occurs  in  the 
Nhape  of  an  impregnation. 

For  trachyte  No.  4  we  can  act^ept  a  thickness  of  3,000  to  3,500  feet. 
In  its  lower  members  it  retains  the  stratoid  character  very  well,  but 
higher  up  this  is  greatly  obliterated.  From  the  fact  that  this  series 
forms  the  moat  rugged  and  typical  mountains  of  the  Uncompabgre 
group,  I  term  it  the  ''Mountain  group." 

Taking  into  consideration  the  general  mineralogical  constitution  of 
the  rocks  and  the  existence  of  ore-bearing  lodes,  we  are  tempted  to  paral- 
lelize this  group  with  propylite.  This  temptation  has  become  all  the 
greater  since  the  discovery  of  tellurides  of  gold  and  silver  in  the  Uodg- 
kiss  Lode  of  Lake  district. 

Bichthofen  places  propylite  at  the  base  of  the  volcanic  series  in  our 
Western  Territories,  and  that  position  is  accepted  for  it  by  all  who  have 
acquaintance  with  the  regions  involved.  It  is  merely  for  the  purpose 
of  anticipating  any  comparisons  that  might  be  made,  and  to  justify  the 
position  I  have  assigned  this  group,  that  I  enter  into  a  brief  discussion. 

It  is  well  known  that  the  lodes  of  Transylvania  are  found  in  a  ^^green- 
stone trachyte.^    This  rock  has  been  referred  to  the  "  tracbytic  scries  " 

•Bull.  U.  S.  Geol.  Surv.  No.  3,  secoud  Beries,  lfcl75,  p.  154 ;  Kep.  U.  S.  Geol.  Surv., 
1874,  IX  2:i0. 
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by  most  Earopean  geologiBts.  The  term  <^  trachyte  "  was  there  by  no 
means  so  limited  as  might  have  been  desired,  bat  compri8ed  a  namber 
of  distinct  rockspecies,  or  even  genera.  Bielz  pro|>osed  for  this  rook 
the  name  of  timazite.  Cotta  *  states  that  where  he  saw  it  it  was  decom- 
posed, ^'  frequently  bleached  almost  white,  commonly  containing  pyrite 
divssemiuated  through  it."  At  Nagyag  and  Offenbanya  the  oro-beariog 
rock  is  the  timazite.  This  is  synonymous  with  Richthofen's  propylite. 
Were  it  not  for  the  fact  that  wo  have  a  direct  contact  between  the  older 
traehytic  rockn  and  the  ore-bearing  group  of  the  San  Juan  region,  the 
mineralogical  and  petrographic  similarities  of  the  two  would  probably 
lead  to  its  identification  as  propylite.  One  of  the  most  favorable  local- 
ities to  study  the  relations  of  the  Mountain  group  to  those  underlying^  is 
found  near  the  headwaters  of  the  liio  Grande.  Distinct  stratification 
of  the  lower  members  of  No.  4  is  noticeable.  There  they  rest  directly 
and  conformably  upon  the  upper  strata  of  No.  3.  This  feature  may 
distinctly  be  traced  all  along  the  line  of  junction.  At  the  time  the  tra- 
chytes of  No.  4  were  ejected  the  region  where  now  the  mines  are  located 
was  already  considerably  corrugated.  A  ridge  extended  northward 
from  the  Quartzite  Mountains,  which  barred  the  progress  of  No.  3.  The 
succeeding  fiows,  however,  utilized  the  equalization  of  niveau^  and,  pass- 
ing over  this  ridge,  penetrated  beyond  it.  Evidence  of  this  ancient 
ridge  may  be  found  in  Arrastra  and  Cunningham  Gulches  and  on  the  ele- 
vated plateau  east  of  them.  This  fact  accounts  for  the  absence  of  the 
three  lower  traehytic  groups  along  that  entire  border  of  the  volcanic 
area  containing  the  heiidwaters  of  the  Animas  and  San  Miguel  Bivers. 
Although,  consequently,  the  ore-bearing  rocks  of  the  San  Joan  regiou 
appear  as  almost  an  isolated  group,  they  are  in  reality  in  direct  and  har- 
monious connection  with  the  older  groups  of  the  traehytic  division.  In 
the  direction  of  Mount  Snefiels  and  Uucompahgre  Peak  this  connectioQ 
can  more  readily  be  found,  and  will  be  clearly  understood. 

At  the  time  of  my  vi«it  the  region  had  not  even  been  thoroughly 
))ro8pected.  Subsequent  discoveries  made  since  those  in  and  near 
Baker's  Park^  mostly  occur  within  the  limits  assigned  to  the  Mountain 
grou)).  As  significant  I  regard  the  presence  of  the  ^^  red  stratum.^  I 
do  not  mean  to  insinuate  that  such  localities  that  do  not  ei^hibit  it  will  be 
found  barren  of  ore,  but  1  am  of  the  opinion  that  the  bountiiul  mineral 
impregnation  with  which  this  group  is  supplied,  indicates  the  former  ex- 
istence of  such  causes  as  led  to  the  formation  of  minerals  that  are 
classed  as  "  ores." 

Wherever  any  definite  structure  can  be  observed  in  the  rocks  of  No. 
4,  it  will  be  found  to  correspond  with  that  of  underlying  volcanic  rocks. 
As  it  is  the  last  one  of  the  series  showing  such  character,  I  have  in- 
cluded it  under  trachyte,  and  have  closed  the  traehytic  division  with  it. 

No  members  of  the  Mountain  group  were  found  in  the  Sun  Juan 
Eange.  Their  southern  border  is  immediately  south  of  Sultan  Mountain, 
where  they  uuconformably  overlie  Carboniferous  sedimentary  beds.! 
From  there  it  swings  around  to  the  headwaters  of  the  San  Miguel  and 
follows  the  edge  of  the  mountains  northward  beyond  Mount  Snefiels. 
Between  Mount  Snefiels  and  Uncompahgre  Peak  the  limits  of  the  Mount- 
ain group  turn  eastward.  They  include  within  their  area  the  Station 
12  ^rouj),  and,  alter  having  crossed  the  llio  Grande,  disappear  a 
short  distance  south  and  east  of  Silverton.  At  this  latter  locality  they 
become  thin,  overlying  metanioiphie,  Devonian,  and,  in  part,  Carl)onif- 
erons  rocks.     In  (^nnninghjim  Gulch  the  metamorphics,  chloritic  schists, 

•  Ore-deposits,  p.  '^77  tKep.  U.  S.  Geol.  Surv.,  1874.  p.  217,  sectiou  11. 
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crop  ontf  and  in  Arrastra  Galch  they  have  been  reached  by  the  Little 
Giant  Mine.  Within  the  Station  12  gronp  we  find  a  very  excellent  de- 
velopment of  the  red  stratum.  Again  it  is  observed  at  Monnt  Ganby, 
near  the  janction  of  Pole  Creek  with  the  Eio  Grande.  On  Bear  Greek, 
west  of  Baker's  Park  and  along  Mineral  Creek  we  find  it  well  represented. 
Near  Mount  Sneffels  the  evident  stratification  of  the  volcanic  rocks  can 
be  most  satisfactorily  observed,  and  a  connection  can  from  there  be  es- 
tablished of  trachyte  No.  3  eastward  to  the  Bio  Grande.  At  Handie's 
Peak  and  other  localities  we  noticed  a  large  number  of  very  regular  quartz 
veins.  Since  our  visit  many  of  them  have  been  ^^  located,"  and  some  are 
worked. 

In  Bulletin  No.  3,  second  series,  and  in  United  States  Geological  Re* 
port  for  1874,  a  discussion  of  the  San  Juan  mines  may  be  found.  It  is 
needless,  therefore,  to  repeat  any  information  there  contained.  Nearly 
all  of  the  lodes  located  near  Baker's  Park  were  found  in  trachyte  No.  4. 
Subsequent  investigation  has  shown  that  they  penetrate  beyond  the 
lower  limits  of  this  group,  and,  without  any  appreciable  change  of 
coarse  or  character,  enter  the  metamorphics,  which  are  covered  by  the 
trachyte.  All  the  veins  that  I  had  occasion  to  visit,  located  within  the 
trachyte,  were  argentiferous.  The  only  one  which  wasatthat  time  worked 
in  the  underlying  schists,  the  Little  Giant,  is  auriferous.  I  am  not 
aware  whether  this  feature  has  since  been  established  as  the  rule. 
Mining  is  not  nnfrequently  carried  on  in  a  very  desultory  manner  in  our 
western  country,  and  it  is  very  difficult  to  obtain  any  reliable  data,  ex- 
cept by  personal  inspection.  A  surprising  regularity  of  the  metalliferous 
veins  may  be  observed.  I  know  of  no  place  where  the  veins  appear  so 
undisguised  on  the  surface.  A  photograph  taken  at  Howards^ille  has 
been  reproduced.*  For  a  vertical  distance  of  about  1,400  feet  we  can 
trace  the  veins  of  this  hill-side. 

As  to  the  cause  which  produced  the  formation  of  the  fissures  which 
we  now  find  filled  with  metalliferous  matter,  several  suggestions  may 
be  offered. 

First.  They  may  have  been  produced  by  the  contraction  of  the  vol- 
canic masses  upon  cooling. 

Second.  Subsidences  of  certain  portions  may  have  given  rise  to  the 
formation  of  fissure-systems. 

Third.  They  may  owe  their  existence  to  plutonic  or  volcanic  seismio 
action. 

We  notice  that  nearly  all  the  veins  have  a  strike  lying  between  north 
450  west,  and  north  45^  east.  This  indicates  a  common  cause  for  their 
formation.  Generally  the  fissures  will  be  found  nearly  at  right  angles 
with  the  beds  or  flows  of  trachyte. 

The  fact  that  the  veins  enter  the  underlying  metamorpbic  rocks,  and 
do  so  without  changing  their  character,  excludes  the  first  proposition. 
No  doubt  the  irresistible  force  of  contraction  would  probably  have  suc- 
ceeded in  carrying  the  fissure  downward  into  the  harder,  metamorphic 
rocks.  In  case  this  had  occurred,  however,  the  fissures  would  have 
changed  their  character.  Slides  would  either  have  occurred,  or  the  veins 
must  grow  narrower  with  increasing  depth.  Neither  of  these  instances 
watf  observed. 

If  subsidences  had  occurred  after  the  established  rigidity  of  the  vol- 
canic rocks,  it  would  be  shown  in  their  stratification.  Declinations  of 
some  extent,  or  faulting,  must  have  taken  place. 

In  preference,  I  accept  the  third  explanation,  not  only  for  these  but 

•  Rep.  U.  S.  Geol.  Sarv.,  1874,  p.  232. 
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for  nearly  all  vein  systems.  If  we  bave,  so  near  tbe  place  of  lode-oo- 
currences,  the  agents  which  can  and  undoabtedly  have  produced  vio- 
lent seismic  action,  we  will  rarely  go  amiss  in  assigning. to  them  tbe 
caase  of  producing  snob  fissares.  Not  far  distant  from  tbe  lode-bearing 
locality  we  have  evidence  that  yonnger,  more  recent  eraptions  most 
have  taken  place.  I  allnde  to  such  instances  as  the  Mount  Wilson 
groop,  the  isolated  volcanic  gronps  near  the  headwaters  of  tbe  Dolores, 
and  to  the  enormons  quantities  of  basaltic  lava  that  have  been  ^ecteu 
northeast  and  east  of  the  mining  districts.  Accompanying  tbe  ernp- 
tionsy  the  usual  phenomena  are  fully  adequate  to  have  produced  tbe 
effects  we  now  observe. 

In  previous  pages  the  impregnation  of  the  red  stratum  by  pyrite  has 
been  mentioned.  This  mineral  was  probably  segregated  during  tbe 
period  of  the  cooling  of  the  rock.  Its  presence  denotes  nothing  save 
the  existence  and  ejection  of  a  large  amount  of  iron  and  sulphur  at  the 
time  of  eruption.  Such  conditions^  also,  roust  have  prevailed,  as  were 
favorable  to  the  combination  of  this  metal  and  metalloid.  In  case, 
therefore,  if  this  mineral,  or  rather  its  component  parts  were  drawn 
from  the  same  source  that  furnished  the  trachytes,  it  may  justly  be  pre- 
sumed, that  the  resources  were  not  thereby  exhausted.  Inasmuch  as 
the  red  stratum  is  one  of  the  oVder  members  of  the  mountain  group,  it 
may  be  inferred  that  its  source  lay  nearer  the  surface  of  the  earth  than 
that  of  the  succeeding  Hows.  Assuming  that  the  fissures,  either  as 
such,  or  in  ramifications  and  other  forms  reach  downward  to  this  source, 
or  approximately  to  it,  we  may  explain  the  filling  of  tbe  fissures  with 
metalliferous  and  other  matter.  Infiltration,  in  its  widest  sense,  has  do 
doubt  produced  the  ores  as  we  now  find  them  in  veins.  Whether  such 
infiltration  occurred  by  the  means  of  mineral  substances  in  solution  or 
in  a  state  of  \olatilizatiou  cannot  always  be  determined.  In  this  io- 
stance  we  have  a  case  where,  perhaps,  both  methods  were  employed. 
From  the  vertical  distribution  of  minerals  in  the  vein  much  can  be 
learned,  and,  no  doubt,  future  developments  of  th^  San  Juan  mines  will 
furnish  many  data  ot  the  highest  interest  and  value. 

Special  features  of  trachyiic  rocks. — Some  very  peculiar  effects  of  ero- 
sion were  observed  in  the  tracbytic  rocks.  The  fantastic  forms  generally 
exhibited  by  members  of  the  White  Earth  group  and  tbe  conglomerates 
have  been  mentioned  above.  A  very  striking  instance  of  the  former 
was  foun<l  on  a  small  creek  flowing  into  Henssen's  Creek.*  On  tbe 
steep  slo])e  of  a  hill  an  accuraulatiou  of  cufi's  had  taken  place.  Basaltic 
bowlders  have  rolled  down  upon  the  hillside  from  tbe  edge  of  a  plateau 
and  have  lodp:ed  there.  Temporary  streams  and  other  iiqueous  erosion 
carved  out  columnar  "  monuments,"  each  one  surmounted  by  an  erratic 
bowlder  of  basalt.    Their  height  is  20  to  30  feet. 

On  South  River,  which  joins  the  Rio  Grande  a  short  distance  below 
Antelope  Park,  a  unique  group  of  similar  monuments  was  discovered.! 
They  have  been  carved  directly  out  of  the  conglomerate  which  reaches 
a  thickness  of  about  GOO  feet  at  that  locality.  Some  of  the  large  bowld- 
ers of  the  conglomerate  act  as  protecting  caps  and  have  preserved  the 
slender  columns  supporting  them  from  destruction.  Thousands  of  these 
monuments  are  crowded  into  a  small  space,  that  for  its  unique  beauty 
8uri)a88e8  any  other  spot  in  Colorado.  While  we  are  accustomed  to  see 
these  monuments — at  best — 30  feet  his:h,  they  here  rise  to  the  towering 
dimensions  of  400  feet.  ArchesJ  and  caves  are  found  at  the  same 
locality,  remarkable  for  their  re^jularity  and  symmetry  of  form. 

*  Kep.  U.  S.  Geol.  Surv.,  1^74,  p.  195.  t  Rep.  U.  S.  Geol.  Surv.,  1875,  p.  156. 

X  Ibid.,  p.  158. 
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Near  Moant  Wilson  a  slender,  trachytic  monolith  attracted  onr  atten- 
tion.* Upon  a  steep  bufe  we  find  an  obelisk-shaped  rock,  290  feet  in 
height.  The  tendency  to  colnmnar  structure  of  the  rocks  composing 
trachyte  No.  3  has  been  noted  above.  It  is  owing  to  this  thnt  the  rock 
^^  Lizard's  Head  "  has  been  able  to  form  itself.  It  is  but  the  remnant  of 
an  extended  flow,  all  other  portions  of  which  have  disappeared  under 
the  destructive  hands  of  erosion  and  decomposition. 

BHYOLITE. 

With  rhyolite  I  close  the  main  group  of  ti*acborheites.  Although 
lithologicaily  readily  distinguished  from  the  preceding  members,  it  does 
not  offer  points  sufficiently  characteristic  generally  to  admit  of  separa- 
tion in  hurried  field-work.  It  may  be  stated  that,  as  a  rule,  rhyolite 
is  intimately  as.<sociated  with  the  older  trachorheites.  Exceptions,  how- 
ever, are  not  wanting.  Dependent  upon  its  associations,  the  character 
of  the  rock  is  such  as  to  be  classed  among  either  massive,  intrusive,  or 
anarhactio  ernptives.  In  the  first  instance  we  find  it  together  with 
trachyte;  in  the  second  it  usually  accompanies  older  volcanic  rocks,  and 
m  the  third  it  may  be  observe<l  ut  many  pomts,  without  being  in  any 
direct  connection  with  other  formations  of  similar  genesis. 

At  no  point  in  Colorado  were  very  extensive  masses  of  rhyolite  ob- 
served. It  occurs  together  with  the  trachorheites  of  the  Front  range, 
in  the  Elk  Mountains,  in  South  Park,  and  in  the  Uncompahgre  Mount- 
ains. Frequently  the  connection  with  trachyte,  both  as  regards  posi- 
tion and  petrographic  character,  is  so  intimate  that  the  question  may 
arise,  whether  or  not  we  have  before  us  simply  a  changed  trachyte  in- 
stead of  a  speciiieally  distinct  rock  species. 

Perhaps  the  most  distinguishing  (eatuie  of  rhyolite,  as  compared 
with  other  volcanics,  may  be  found  in  the  presence  of  free  silica.  This 
occurs,  when  visible,  in  the  shape  of  small  fragments,  grains,  or  crysr 
tals.  Not  nnfrequently,  however,  it  appears  in  none  of  these  forms,  and 
then  only  the  microscope  or  analysis  can  reveal  the  species  of  the  rock. 
Id  general  habitat  the  resemblance  of  rhyolite  to  the  various  trachytes 
is  so  great  that  unless  Iree,  visible  silica  be  present,  mistakes  can  readily 

OCi'VLT. 

Throughout  Colorado  we  find  rhyolite.  At  no  place  does  it  show 
it^f  in  large  masses,  but  appears  usually  of  subordinate  importance 
in  connection  \vith  other  eruptives.  In  order  to  present  a  general  idea 
as  to  the  form  in  which  it  is  most  frequently  met  with,  I  shall  discuss, 
first,  the  massive,  then  intrusive,  and  finally  anarhactic  eruptions  of 
this  rock.  All  of  these  are  of  great  interest,  and  are  important  at  the 
regions  where  they  occur.  Intimately  associated  with  other  groups  and 
formations,  the  rhyolites  comprise  a  prominent  chapter  in  the  geologi- 
cal history  of  the  State. 

Massive. — Flows  of  rhyolite,  rather  limited  in  extent,  may  be  noticed 
near  the  Front  range,  south  of  Black  Mount aiuaf  It  there  forms  low 
bluffs,  skirting  the  base  of  the  mountain.  These  are  superimposed,  in 
part,  on  trachyte  and  tufifs ;  in  part,  on  Carboniferous  strata.  South 
of  the  Arkansas  River,  \rcst  of  Wet  Mountain  Valley,  is  the  Eosita 
mining  district.  There  again  we  find  rhyolite.  Its  horizontal  extent 
is  not  considerable.  At  that  locality  the  rhyolite  rests  directly  on 
granite.  Ore-bearing  veins  traverse  both  these  rocks.|  No  change  can 
be  noticed  in  the  characteristics  of  the  lodes  upon  leaving  the  granite 

•  Rep.  U.  8.  Geol.  Surv.,  1874,  p.  207.  tRep.  U.  8.  Geol.  Sarv.,  1873,  p.  3i:0. 
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aDd  entering  the  younger  volcanic  rocks.  An  analogous  case  occurs  in 
8outh  Park,  where  gold  iR  found  in  some  of  the  rhyolites.  Mr.  Marvine 
found  a  number  of  rhyolite  outcrops  in  bis  district  for  1874.  They  are 
all  of  small  extent  only,  but  typical. 

In  the  Uncompahgre  group  this  rock  occurs.  It  occupies^  UBually,  a 
position  superimposed  upon  the  trachytes.  Bluffs  and  small  hills  are 
formed  by  it  near  the  edges  of  the  main  mass  of  Tolcanics.  More  ex- 
posures are  found  on  the  northern  side  of  the  Gunnison  River  than 
south  of  it.  At  that  locality  the  rhyolite  overlies  trachytic  breccia.* 
Within  the  main  mass  of  the  Uncompahgre  Mountains  a  very  interest- 
ing occurrence  of  rhyolite  was  observed.!  A  very  typical  rhyolite  was 
found  on  a  tributary  of  Hensseu's  Creek,  near  Station  10.  At  the  base 
of  a  deep,  narrow  valley  heavy  masses  of  basalt  protruded  through  the 
surrounding  trachorheites.  Numerous  caves  and  tuuuels,  the  proofs 
of  gaseous  expansion,  were  found  in  the  basalt.  Overlying  it  was  rhyo- 
lite. This  latter  rock  was  thinly  bedded;  the  stratificatkn-liues  were 
well  marked.  At  first  sight  it  appeared  probable  that  the  rhyolite  bad 
been  ejected  subsequent  tx>  the  protrusion  of  the  basalt.  This  would 
not  be  in  accordance  with  the  adopted  and  usually  verified  succession 
of  the  groups.  Examination,  however,  showed  that  the  rhyolitic  strata 
dipped  toward  the  valley  at  an  angle  of  60^  to  70^,  and  we  had  before 
us  but  a  detached  fragment  of  a  niqre  extensive  rhyolitic  flow  farther 
west.  By  the  basalt  this  fragment  had  been  carried  up  to  its  present 
position,  being  too  small  to  offer  sufficient  resistance  to  disruption. 
At  various  times  the  relative  age  of  rhyolite  and  basalt  have  been  called 
into  question.  Perhaps  the  most  important  observation  leading  thereto 
was  made  by  Mr.  Marvine.|  He  found,  at  Truxtou  Springs,  Ariz.,  rhyo- 
lite overlying  auti  interbedded  with  basalt.  .  It  is  to  be  regretted  that  it 
was  impossible  for  him  to  find  the  sources  whence  these  lavas  came. 
Probably  a  rhyolitic  eruption  may  have  taken  place  at  some  locality, 
long  after  the  activity  ejecting  that  rock  had  generally  ceased,  or  an 
eruption  of  basalt  may  have  occurred  before  the  main  masses  made 
their  appearance.  In  view  of  the  large  amount  of  testimony  which 
favors  the  greater  age  of  rhyolite,  an  isolated  or  even  several  isolated 
cases  of  such  a  kind  can  have  no  influence  upon  the  classificatory  ar- 
rangement. Basaltic  rocks  speak  for  a  new  era  of  volcanic  activity  Irom 
their  very  lithological  and  chemical  character,  from  their  mode  of  occur- 
rence, and  from  the  intimate  relations  they  bear  to  erupted  material  of 
the  itresent  day.  In  contradistinction  thereto,  the  trachorheites  com- 
prise a  series  that  is  well  defined  within  its  own  limits,  characteristically 
separated  from  others,  and  one  that  brings  to  its  close  a  period  of  the 
most  enormous  volcanic  action. 

Intrusive, — At  two  locialities,  mainly,  were  intrusions  of  rhyolitic 
material  observed,  in  the  mountains  of  South  Park  and  in  the  Elk 
Mountains.  At  Horseshoe  Mountains  Dr.  Peale  has  found  §  volcanic 
rocks  ^^  interstratified"  with  sedimentary  strata.  The  volcanics  ap- 
pear to  be  a  rhyolitic  trach,>  te.  By  their  passage  between  the  separated 
sedimentary  beds  they  have  very  thoroughly  metamorphosed  the  latter. 
Sandstones  are  changed  into  quartzites,  and  limestones  partly  into 
marble.  Some  of  the  volcanic  interstrata  show  very  excellent  columnar 
structure  there,  which  is  due  to  the  rate  of  cooling  and  partly  to  the 
pressure  exercised    by  superincumbent  beds.    At  the  Silver  Ileels 

*  Kep,  U.  S.  Geol.  Surv.,  1874,  p.  ITO 
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Mountains,  and  several  adjacent  localities,  Dr.  Peale  has  observed  the 
same  phenomena.  Dr.  Hayden*  speaks  of  the  same  occorreuces,  and 
refers  to  them  as  intrnsions. 

One  of  the  most  striking  examples  is  that  shown  at  Gothic  Mountain. 
Dr.  Haydent  gives  an  elaborate  account  of  it.  Bhyolitic  rocks  intrude 
into  the  Gretaceous  shales,  forming  prominent,  steep  bluffs  in  tbe  ordi* 
narily  gentle  slopes  near  the  base  of  the  peak.  Several  beds  of  this 
rhyolite  may  be  traced,  one  above  the  other,  following  the  direction  of 
the  sedimentary  strata.  On  Bock  Greek  Mr.  Holmes  noticed  a  very 
excellent  illustration  of  intrasion-l  A  prominent  mountain  is  there 
formed  by  a  ^^rhyolitic"  rock.  Upon  investigation  it  was  found  that 
the  Gretaceous  sbales  at  the  base  were  in  normal  position  while  tbey 
were  dipping  from  the  hill  on  one  of  its  slopes.  Further  examination 
proved  *^  that  this  upturned  portion  had  been  separated  from  the  rest 
and  forced  upward  by  a  wedge-like  mass  of  intrusive  rock,  which  be- 
longed to  the  central  mass  of  the  group." 

From  these  few  examples  it  will  be  seen  that  true  cases  of  intrusion 
may  be  found  more  frequently  in  rhyolitic  areas  than  in  those  occupied 
by  older  trachorheites.  It  seems  that  some  of  the  rocks  at  the  local- 
ities just  quoted  more  closely  resemble  trachyte  than  rhyolite,  but  the 
majority  appear  to  belong  to  the  lartter.  Intrusion  occurs  also  in  con^ 
nection  with  the  smaller  dikes,  but  in  that  case  is  usually  of  but  limited 
extent. 

Anarhactie, — Perhaps  the  most  prominent  form  in  which  rhyolite  occurs 
in  Golorado  is  in  the  character  of  dikes.  In  connection,  generally,  with 
one  of  the  main  centres  of  eruption,  the  dikes  occupy  definite  positions 
relative  thereto.  As  a  rule  they  are  found  near  the  edges  of  the  main 
mass,  at  places  that  were  most  favorably  situated  for  disruption.  Some- 
times the  general  arrangement  of  tbe  dikes  is  a  radial  one,  aod,  again, 
they  may  l^  more  or  less  parallel.  It  is  evident  that  any  upheaval,  such 
as  may  have  accompanied  at  least  a  portion  of  the  volcanic  eruption, 
will  mostly  result  in  local  rupture  of  the  upheaved  masses.  Fissures 
and  cracks  thus  formed  will  be  injected  with  the  liquid  or  plastic  vol- 
canic material,  thus  forming  dikes.  Any  grouping  of  fissures  in  definite 
order  will  be  productive  of  dike-systems.  Among  all  the  erupted  rocks 
of  Golorado  none  offer  so  much  material  for  study  of  this  class  of  ejected 
material  as  the  porphyritic  trachytes.  A  more  extended  discussion, 
therefore,  upon  the  various  features  exhibited  and  the  factors  involved 
will  be  deferred  until  treating  of  these  rocks. 

At  the  head  of  ^^  Oh  Be  Joyful"  Greek  Dr.  Peale  §  mentions  a  dike  as 
setting  through  the  sandstones.  He  describes  the  rock  composing  it  as 
having  a  ^^  very  compact,  fine-textured,  dark  greenish  matrix,  in  which  are 
a  few  small  crystals  of  feldspar."  Particles  of  free  quartz  also  occur  in  it 
In  the  vicinity  of  tbe  Elk  Mountains  and  in  tbe  Horseshoe  group  these 
dikes  most  frequently  occur.  Near  Horseshoe  Mountain  Mr.  Holmes 
sketched  several  of  the  intrusive  volcanics,||  which  Dr.  Peale  describes 
as  being  very  highly  siliceous.  I  class  them  among  the  rbyolites, 
mainly  on  account  of  their  association,  and  agree  with  Dr.  Peale  in 
his  assumption  that  tbe  high  percentage  of  silica  may  be  due  to  tbe  fact 
of  their  intrusion  among  the  sandstones. 

Besides  these  two  regions,  rhyolitic  dikes  are  of  rare  occurrence. 
Bhyolite,  at  best,  occupies  but  a  subordinate  position  in  Golorado,  if 
compared  with  other  volcanics,  and  the  comparative  paucity  of  its 
various  occurrences  is  therefore  readily  understood. 


•  Rep.  U.  8.  Geol.  Sarv.,  1873,  p.  44. 
tBep.  U.  8.  Geol.  Sary.,  1874,  p.  55. 
t  Bep.  U.  8.  GeoL  8arv.,  1874,  p.  64. 


$  Rep.  U.  8.  Geol.  Sanr.,  1874,  p.  165. 
t  Rep.  U.  8.  GeoL  Sarv.,  1873,  p.  233. 


232      BEPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

POBPHYRITIC  TRACHYTE. 

By  far  greater  interest  than  in  any  of  the  preceding  gronpH  of  erup- 
tive rocka  is  centred  in  the  group  of  porphyritic  trachytes.  This  term 
has  been  applied  by  the  geologists  of  this  survey  since  1873.  As  the 
knowledge  of  the  special  character  and  of  the  general  correlations  ac- 
cumulated, the  appellation  was  restricted  somewhat.  At  present  we 
comprise  under  the  name  of  i>orphyritic  trachytes  eruptions  that  (I)  are 
Isolated  as  to  their  topographical  character  and  geognostio  position : 
(2)  show  all  the  typical  characteristics  of  trachyte,  with  such  additional 
details  as  maj  specifically  separate  them  therefrom.  The  separatipn 
that  has  been  made  from  the  beginning  has  been  fully  sustained  by 
evidence  subsequently  collected.  Such  evidence  is  furnished  not  only 
within  Colorado,  but  also  in  adjacent  Territories.  In  a  very  ablepaper* 
Dr.  A.  C.  Peale  has  set  forth  and  discussed  the  leading  features  of  this 
group.  His  personal  examinations  of  a  number  of  the  localities  involved 
admirably  fitted  him  to  complete  the  task. 

MIDDLE  PARE. 

Mr.  Mar  vine  t  mentions  the  occurrence  of  porphyritic  trachyte  at 
Park  View  Mountain.  It  occurs  there  in  the  form  of  dikes,  analogous 
to  other  localities.  It  appears  that  the  dikes  are  not  confined  to  Park 
View  alone,  but  spread  out  from  it  and  assert  their  iufluence  wherever 
they  go  A  small  map  accompanyiug  the  report  of  Mr.  Marvine  shows 
a  quadricircular  radial  arrangement  of  the  dikes.  He  says :  **'  These 
dikes  vary  from  5  to  30  feet  in  thickness,  some  being  apparently  over 
five  miles  in  length,  and  extending  across  the  country  like  huge, 
broken  walls.  Where  several  intersect  or  occur  near  one  another,  their 
combined  resistance  to  erosion  has  formed  a  hill,  every  spur  of  which 
contains  a  dike."  These  latter  are  well  defined,  and  are  composed  of 
very  characteristic  rock.  A  greenish,  micro-crystalline  paste  contains 
numerous  opaque  white  crystals  of  oligoclase.  Large  simple  and  twin 
crystals  of  orthoclase  occur  throughout  the  mass,  associated  with  thin 
transparent  lamina)  of  oligoclase.  Small  six  sided  crystals  of  chlorite 
are  found  in  the  paste. 

In  speaking  of  dikes  found  on  Williams  River,  Mr.  Marvine  f  has  cor- 
rectly interpreted  the  method  of  action  and  the  importance  of  the  por- 
phyrite  trachytes  from  a  geological  point  of  view.  lie  says :  "  The  in- 
trusive masses, instead  of  breaking  across  the  strata  here, 

followed  along  their  planes  of  bedding,  and  forcing  apart  and  upward 
the  strata  between  which  they  wedged  themselves,  caused  them  to  in- 
cline."   We  have  here,  therefore,  the  same  action  that  has 

taken  place  in  the  Spanish  Peaks,  La  Plata  and  Henry  Mountains, 
though  not  carried  out  to  its  fullest  extent.  The  result  has  been,  as  ob- 
served by  Mr.  Marvine,  the  intrusion  or  interleaving  of  sedimentary 
beds  with  eruptive  material.  Evidently  the  force  exerted  was  not  suf- 
ficiently great  to  cause  an  extensive  rupture,  and  the  trachytes  remained 
hidden  from  sight  to  a  great  extent.  The  recognition  of  this  fact  and 
of  the  ultimate  result,  in  spite  of  difficult  surroundings,  is  one  that  re- 
ficcts  great  credit  upon  the  work  of  our  former  co-laboring  geologist. 

MOUNT  RICHARD  OWEN. 

Station  32,  of  1874,  made  by  Dr.  Peale  and  Mr.  Gannett,  is  known  as 

*  Bali.  U.  «.  Geol.  Surv.,  No.  3,  vol.  iii,  1K77.        t  Kep.  U.  S.  Geol.  Surv.,  18737p   174? 
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Moant  llichard  Owen.*  Dr.  Peale  examioed  the  region  and  bas  pab- 
lished  a  dingram  tbereof.t  From  this  it  appears  that  a  series  of  radially 
arranged  dikes  traverse  Cretoeeons  shales,  and  by  metamorphosing  these 
have  given  rise  to  the  formation  of  a  mountain.  He  does  not  regard 
the  rock  composing  the  dikes  as  typically  porphyritic.  It  is  more  com- 
pact and  of  tiner  texture.  Taking  into  consideration  the  large  number 
of  varieties  presented  by  the  trachyte  and  the  comparatively  intimate 
association  with  other  undisputable  occurrences,  I  think  that  the  occur- 
rence may  safely  be  regarded  as  belonging  to  this  class. 

North  and  southwest  of  this  mountain  are  extensive  groups  of  por- 
phyritic trachyte.  They  are  more  massive  than  is  usually  the  case,  and 
comprise  the  region  containing  Mount  Marcellina.  Dikes  traverse  the 
entire  country  there,  connecting,  in  part,  the  detached  areas  of  porphy- 
ritic trachyte.  Inasmuch  as  the  mountains  are  not  so  completely  iso- 
lated here  as  is  usually  the  case,  these  groups  present  a  slight  deviation 
from  the  type  accepted. 

SPANISH  PEAKS. 

In  1869  Dr.  Hayden  first  examined  the  Spanish  Peaks.  They  are 
located  at  the  eastern  entrance  of  La  Yeta  Pass  across  the  Sangre  de 
Gristo  Mountains.  Although  within  a  short  distance  of  this  high  moun- 
tain range,  the  isolation  of  the  Spanish  Peaks  is  complete.  They  rise 
from  the  adjoining  low  country  to  an  elevation  of  13,623  feet.  Sur- 
rounded on  all  sides  by  sedimentary  bed6,  they  have  preserved  the  prin- 
cipal feature  distinguishing  porphyritic  trachyte  eruptions — isolation. 
Dr.  Hajden  characterizes  them  as  ^'  a  gigantic  dike."|  This  expresses 
essentially  their  structure.  During  1875  I  visited  them,  and,  in  spite  of 
the  advanced  season,  was  able  to  collect  some  highly  interesting  data.§ 
Structurally  the  two  peaks  differ.  The  eastern  one  may  be  regarded  as 
the  main  point  of  outflow  for  the  volcanic  material.  While  there  the 
main  mass  of  the  mountain  is  composed  of  porphyritic  trachyte,  the 
western  peak  is  chiefly  built  up  of  sedimentary  rocks.  There  is  a  con- 
nection between  the  central  masses  of  the  two,  which  appears  in  the 
saddle  dividing  them.  Through  a  main  fissure,  striking,  probably,  about 
east  20O  north,  the  trachyte  ascended  in  a  viscous  or  plastic  condition. 
Whatever  may  have  produced  the  upheaval  of  the  Carboniferous  beds 
through  which  the  lava  passed,  resulted  in  parting  many  of  them  parallel 
to  their  stratification.  Into  the  wedge-shaped  openings  thus  produced 
the  lava  entered,  forcing  the  strata  to  retain  their  distended  position. 
Simultaneous  with  or  immediately  following  the  initiatory  upheaval 
was  a  disruption  of  the  ri^d  beds.  This  took  place  primarily  in  the 
direction  of  east  20^  north,  the  strike  of  the  most  extended  line  of  erup- 
tion. Issuing  from  that,  and  more  particularly  from  its  western  termi- 
nation, are  a  very  large  number  of  radial  dikes.  Some  of  these  evidently 
did  not  reach  to  the  surface  at  first,  but  gradual  denudation  has  brought 
to  light  the  material  inclosed  in  the  fissures.  Standing  on  the  summit; 
of  West  Spanish  Peak  the  radiating  dikes  can  readily  be  trace<l.  They 
form  prominent,  high  walls,  leading  down  from  the  mountain  and  some- 
times extending  into  the  plain  below  for  a  number  of  miles.  Their  dis- 
tribution is  a  singularly  regular  one,  and  the  constancy  of  each  indi- 
vidual dike,  as  regards  its  course,  is  surprising.     From  the  present 

*  Report  of  KecoDDaissance  in  the  Ute  coiiDtry,  p.  40. 
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position  of  the  dike-walls  it  is  apparent  that  an  enormoas  amoant  of 
sedimentary  material  must  have  been  removed  since  the  eraption  took 
place.  Furcation  and  crossing  of  the  dikes  is  also  noticeable  in  this 
locality.  Wherever  an  additional  strain  was  exerted  on  the  strata  tbey 
broke  in  some  other  direction,  thus  causing  the  effects  now  observed. 

As  might  be  expected,  the  passage  of  hot  material  in  a  visoons  or 
plastic  state  has  seriously  affected  the  sedimentary  rocks  with  which  it 
came  in  contact.  It  has  been  stated  above  that  the  lava  passed  through 
Garboniferous  strata.  These  are  composed  of  sandstone,  with  thin  beds 
of  shale.  In  examining  the  contact  between  these  rocks,  it  will  be  found 
that  the  sandstones  are  thoroughly  baked,  altered  into  quartzites,  and, 
in  rarer  instances,  into  an  aggregate  closely  resembling  granite.  Shales 
are  metamorphosed  into  hard,  brittle  argillites.  It  may  be  observed 
that  a  short  distance  off  from  the  dikes  or  intruded  masses  the  meto- 
morphoiiis  becomes  less  pronounced,  and  the  normal  constitution  of  the 
rock  again  appears.  So  far  as  could  be  seen,  no  complete  fusion  of 
inclosing  and  inclosed  rocks  took  place.  This  demonstnUes  that  either 
the  degree  of  heat  which  the  lava  showed  was  not  a  very  high  one,  or 
that  it  lasted  but  a  short  time. 

It  is  a  very  difficult  matter  to  arrive  at  any  conclusions  regarding  the 
degree  of  heat  which  lava  contained  at  the  time  of  its  being  injected 
into  fissures.  So  much  we  can  say  in  the  present  instance,  that  the  ma- 
terial must  at  least  have  been  in  a  plastic  condition.  Not  only  does  the 
complete  filling  of  fissures  and  interstratal  openings  point  to  such  a  con- 
clusion, but  more  direct  evidence  is  also  not  wanting.  On  the  sides  of 
a  number  of  dikes  we  find  the  impression  produced  by  the  edges  of  strata 
formerly  in  contact  therewith.  In  other  words,  the  fissure  or  ^^gash" 
in  the  sedimentary  rocks  may  be  termed  the  mould,  while  the  dike  itself 
is  the  cast  thereof.  Frequently  such  marks  are  so  well  preserved  that 
it  can  be  determined  whether  the  rock  inclosing  the  volcanic  material 
was,  for  instance,  sandstone  or  shale. 

Some  of  the  dikes  evidently  flowed  over  upon  the  surface  at  the  time 
of  eruption,  forming  small,  regular  bills  or  buttes.  More  frequently  can 
this  be  observed  in  connection  with  those  filling  the  largest  fissures. 

Upon  the  sedimentary  beds  and  their  absolute  position  this  eruption 
has  had  a  very  definite  effect.  It  has  raised  the  entire  mass,  a  priori^ 
has  produced  vertical  distention  by  entering  interstratal  fissures,  and 
has  resulted  in  horizontiil  expansion.  Had  not  the  fissures  been  filled, 
many  or  most  of  them  would  have  closed  again.  As  the  separated  edges 
of  strata  were  kept  apart,  however,  by  the  lava,  which  soon  assumed 
rigidity,  the  primary  latenil  and  vertical  displacement  was  retained. 

It  is  apparent  that  so  singular  a  mountain-structure  must  manifest 
itself  in  a  marked  manner  on  the  exterior.  Viewing  Spanish  Peaks  from 
a  short  distance,  the  first  striking  feature  noticed  is  the  regularity  and 
sharpness  of  their  ridges.  Added  to  this,  we  observe  the  symmetry  of 
the  entire  structure  and  the  striking  singularity  of  minor  details.  Ex- 
amination develops  the  fact  that  nearly  every  one  of  the  ridges  leading 
to  the  summit  is  surmounted  by  a  dike.  This  dike,  together  with  the 
hardening  of  the  contiguous  strata  it  hiis  caused,  has  resulted  in  the 
formation  of  the  ridge  itself.  Due  to  the  regularity  of  the  radial  ar- 
rangement of  the  dikes,  therefore,  is  the  symmetrical  distribution  of  the 
ridges.  Between  the  ridges  the  sedimentary  material  has  not  been 
reached  by  the  power  of  metamorphosing  agents,  hence  has  readily  suc- 
cumbed to  eroding  influence.  As  the  result,  we  find  deep  gorges,  grow- 
ing very  narrow  toward  the  bottom,  separating  the  individual  ridges. 

Among  all  the  mountains  that  have  come  under  my  observation,  none 
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bas  been  fraagbt  witb  tbe  absorbing  interest  presented  by  the  Spanish 
Peaks.  Not  only  have  we  before  as  a  volcanic  rock  of  most  peculiar 
type,  bnt  we  have  an  opportunity,  rarely  afforded,  to  study  directly  the 
multiplicity  of  effects  produced  by  volcanic  action. 

Petrographically,  tbe  trachytes  of  the  Spanish  Peaks  belong  to  the 
great  class  that  is  so  well  chr.racterized.  A  microcrystalline  paste  con- 
tains minute  crystals  of  black  mica.  The  color  of  the  paste  varies,  but 
gray  and  greenish  tints  predominate.  Opaque  crystals  of  white  oligo- 
clase  are  dispersed  throughout  the  entire  mass.  In  sharp  contrast  to 
them  are  black  or  dark-green  acicular  crystals  of  hornblende.  Minute 
grains  of  quartz  occur  sparingly,  and  probably  have  their  origin  in  tbe 
nandstones  through  which  the  lava  passed.  It  remains  to  establish  the 
relations  of  all  these  rocks  by  the  aid  of  the  microscope  more  definitely, 
bat  I  am  persuaded  that  the  cprrelations  thus  far  made  will  be  correct 
in  the  main. 

HUERFANO  BEGION. 

The  Huerfano  region  stands  in  close  relation  to  the  Spanish  Peaks. 
As  belonging  to  one  group,  I  regard  the  Sheep  Mountains  and  Muralla 
Peak,  south  of  Huerfano  River.*  They  are  composed  of  porphyritic 
trachyte.  Yeta  Peak  is  the  most  southerly  one.  Drawing  a  line  along 
its  crest,  it  will  strike  the  two  hills  farther  north  in  a  direction  of  north 
210  west.  Although  there  is  no  apparent  connection  between  them 
above  ground,  they  are  so  completely  alike  in  every  respect,  that  I  as- 
sume a  continuity  of  the  volcanic  material  lower  down.  Muralla  Peak 
shows  a  number  of  dikes  radiating  from  its  centre.  They  have  given 
rise  to  the  formation  of  sharp  ridges  and  are  prominent  features  in  the 
landscape.  While  the  trachyte  of  Yeta  Peak  is  one  of  a  typical  char- 
acter, that  of  Muralla  Peak  verges  closely  upon  basalt  But  few  segre- 
gated minerals  are  found  in  it,  and  those  only  of  very  small  size.  From 
the  intimate  association,  however,  and  the  relative  position  and  appear- 
ance of  this  rock,  I  refer  it  to  the  same  group. 

Badito  Peak,  at  the  southern  end  of  the  Greenhorn  Mountains,  be- 
longs to  the  same  class.  In  every  particular  is  it  conformable  with  the 
typical  occurrences.  A  number  of  dikes,  one  of  them  reaching  a 
length  of  13  miles,  occur  independently  in  the  same  region.  Porphyri- 
tic  trachyte  composes  them,  and  some  of  them  bear  evidence  of  not 
having  reached  the  surface  at  the  time  of  eruption. 

That  entire  section  of  country  along  the  Huerfano  and  Cucharas  Biv- 
ers  has  been  one  of  maximum  disturbance  during  the  Post-Cretaceous 
period.  It  is  highly  probable  that  the  time  of  eruption  will  fall  within 
the  Tertiary  period.  Enormous  forces  must  have  been  brought  to  bear 
in  order  to  produce  the  extensive  rents  that  we  observe  to-day.  Un- 
doubtedly many  of  the  flexures  of  sedimentary  strata  in  that  region  are 
due  to  volcanic  activity,  the  evidences  of  which  are  not  brought  to  the 
surface  by  denudation.  It  seems  as  if  a  large  portion  of  the  strata 
lying  far  below  must  be  completely  reticulated  by  the  action  of  anarhac- 
tic  force.  That  but  a  small  portion,  comparatively  speaking,  of  the 
power  employed  could  make  itself  felt  upon  the  surface,  may  safely 
be  assumed. 

LA  PLATA  MOUNTAINS. 

The  La  Plata  Mountains  are  located  in  the  southwestern  portion  of 
Colorado,  at  the  headwaters  of  Bio  Mancos  and  Bio  La  Plata.  Mount 
Hesperus  is  the  highest. peak  of  the  group,  rising  to  an  elevation  of 

*Kep.  U.  S.  Geol.  Sorv.,  1875,  p.  133. 
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13,135  feet.  Mr.  Uolmes  bnsstndied  this  prroap  very  carcfally,aiKl  bas 
furnished  a  valuable  report  thereon.*  To  the  eastward  of  Meant  Hes- 
perus 18  Mount  Moss.  This  latter  is  composed  entirely  of  porphyritio 
trachyte,  while  the  former  is  formed  essentially  by  a  succession  of  vol- 
canic and  sedimentary  beds.  Cretaceous  shales,  more  especially,  form 
the  main  bulk  of  sedimentary  material.  After  careful  study,  Mr. 
Holmes  prepared  an  ideal  section,^  which  presents  his  view  ot'the 
action  that  produced  the  formation  of  this  mountain.  Either  the  force 
of  the  rising  volcanic  mass,  or  that  initiating  the  eruption,  has  forced 
the  sedimentary  strata  upward,  until  they  assumed  the  shape  of  a 
dome.  Vertical  disruption  and  parting  of  the  strata  has  resulted  there- 
from. Wherever  the  breakage  was  greatest,  there  the  largest  quantity 
of  volcanic  material  was  ejected.  It  was  forced  vertically  into  the 
fissures  formed,  and  laterally  into  the  interstratal  spaces.  Dikes  and 
interleaving  volcanic  rock  show  the  evidence  thereof.  Eventually  the 
dome  burst,  and,  throu^xh  gradual  denudation,  the  result,  as  observed 
to-day,  was  achieved.  Much  of  the  sedimentary  material  ^nst  have 
been  broken,  and  could  offer  but  slight  resistance  to  decomposing  and 
eroding  agents. 

This  very  complete  intrusion  of  trachytic  rock  among  sedimentary 
beds  bas  been  productive  of  thorough  metamorphosis.  The  network  of 
volcanic  sheets  envelops  so  large  a  proportion  of  sedimentary  beds, 
that  these  are  altered  to  a  high  degree.  Mr.  Holmes  cites  one  instance 
where  the  Cretaceous  shales  are  in  contact  with  the  trachyte  of  mount- 
ains south  of  Mount  Hesperus:  he  says:  '*The  exact  i)oint  of  contact 
cannot  be  determined,  as  the  metamorphism  bas  been  so  complete  that 
the  shales  seem  to  change  gradually  into  trachyte."  Instances  of  this 
kind  are  not  rare  in  the  La  Plata  Mountains.  They  argue  forcibly  for 
the  acceptation  of  a  very  high  degree  of  heat  which  the  trachyte  must 
have  possessed  at  the  time  of  its  ejection.  As  elsewhere,  under  similar 
circumstances,  the  shales  are  changed  into  argillites;  have  become  hard 
and  brittle.  Toward  the  exterior  portions  of  the  mountain-group  there 
are  numerous  dikes;  metamorphosis  in  their  vicinity  is  thorough,  but 
as  we  recede  from  them  we  gradually  find  the  unchanged  shales 
again. 

Regarding  the  trachyte,  which  composes  the  entire  mass,  it  may  be 
stated  that  many  varieties  are  found.  As  a  type  we  may  accept  a  gray 
to  greenish  microcrystalliue  paste,  with  numerous  opaqne,  white 
crystals  of  oligoclase,  minute  crystals  of  black  mica  which  occur  spar- 
ingly, and  acicular  cr^'stals  of  black  or  dark-green  bornblende.  At 
some  localities  the  trachyte  changes  into  a  crystalline  aggregate.  Tois 
is  owing,  so  far  as  can  be  determined,  to  the  fact  that  the  volcanic 
material  has  "  absorbed"  a  large  quantity  of  the  rock  through  which  it 
passes.  Although  the  same  feature  may  be  noticed  elsewhere,  it  is 
rarely  so  fully  developed  as  here.  I  will  have  occasion  to  discuss  this 
more  fully  below. 

One  of  the  most  striking  occurrences  in  the  La  Plata  Mountains  is 
the  existence  of  metalliferous  veins.  They  occur  with  in  the  metamor- 
phosed area,  near  the  central  portion  of  the  mountains.  Probably  the 
fissures  containing  them  were  formed  at  the  same  time  with  those  now 
tilled  by  dikes  and  by  the  same  force.  Mr.  Holmes  observed  no  regu- 
larity ill  their  arrangement,  however.  He  states  that  the  veins  frequently 
leave  the  metamorphic  and  enter  the  unchanged  sedimentary  areas, 
without  any  appreciable  alteration  of  coarse  or  other  characteristics. 

"  Kep.  U.  S.  Geol.  Surv.,  1875,  p.  lidS,  t  Ibid.,  p.2  70. 
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SIEBBA  EL  LATE. 

Tbe  El  Late  Mountains  are  located  in  the  extreme  southern  comer  of 
Colorado.  Mr.  Holmes  visited  and  examined  them  during  1875.  His 
report  thereon  is  thorough  and  replete  with  interest.*  Essentially  the 
genesis  and  present  structure  of  the  group  is  the  same  as  that  of  the 
La  Platas.  Ute  Peak  is  the  highest  mountain  of  the  El  Late.  Mr. 
Holmes  furnishes  a  very  lucid  explanation  of  the  primary  distribution  of 
the  porphyritic  trachyte.  He  assumes  an  ejection  through  a  narrow 
fissure  or  tube  in  the  hard,  underlying  sedimentary  beds.  Upon  reach- 
ing the  softer,  more  easily  yielding  Cretaceous  shales,  the  volcanic  ma- 
terial found  an  opportunity  to  expand  laterally.  An  arching  of  the 
shale  strata  was  formed,  and  during  the  passage  of  the  lava  these  were 
broken  into  innumerable  fragments.  Being  inclosed  in  the  hot,  viscous 
trachyte,  they  were,  in  part  assimilated  thereby,  in  part  very  thoroughly 
metamorphosed.  A  notable  fact  is,  that  fragments  of  no  other  rock 
than  of  shales  is  found  in  the  trachyte.  This  tends  to  show  that  the 
underlying  strata  were  either  very  little  broken,  or,  if  broken,  the  frag- 
ments have  been  so  thoroughly  altered  as  to  enter  into  the  composition 
of  the  trachyte.  This  latter  view  seems  probable  from  the  fact,  that 
Mr.  Holmes  observed  small  crystals  of  quartz  in  the  rock  from  Hermano 
Peaks.  At  that  point  the  rock  is  composed  of  a  bluish-gray  micro- 
crystalline  paste,  with  large  crystals  of  white  oligoclase.  Crystals  of 
sanidite  occur  sparingly  and  are  very  minute.  Acicular  crystals  of  a 
green  amphibolite  are  dispersed  throughout  the  entire  mass. 

A  number  of  dikes  are  in  connection  with  the  group,  some  of  them 
extending  for  considerable  distance.  *  Viewed  as  a  whole,  the  mountain 
group  does  not  appear  so  much  as  the  result  of  one  massive  outpouring 
of  volcanic  material,  but  as  a  distention,  on  a  large  scale,  of  sedimentary 
beds  by  the  intrusion  of  trachy tic  masses.  The  type  is  expressed  in  this 
mountain  group  as  well  as  in  the  La  Platas,  and  is  one  that  may  be  regarded 
as  a  standard  tor  eruptions  of  porphyritic  trachyte.  Distinct  in  all 
minor  details  from  other  ejections  of  volcanics,  they  present  a  class  that 
cannot  be  mistaken  if  once  tbe  genesis  and  structure  is  recognized.  It 
seem^  probable  that  eventually  groups  of  mountains  that  now  are  not 
fully  understood  will  be  referred  to  this  class. 

SAN  MIGUEL  GROUPS. 

Mount  Wilson  Group, — Tbe  highest  of  all  isolated  trachytic  groups  is 
that  containing  Mount  Wilson.  Kising  from  a  base  of  about  8,000  feet, 
this  peak  reaches  an  altitude  of  14,280  feet.t  During  the  season  of 
1874  I  visited  tbe  locality,  after  having  seen  the  enormous  outflows  of 
volcanic  material  to  the  east  and  northccist.  This  group  stands  |>er- 
fectly  isolated  at  present,  but  I  am  inclined  to  assume  a  former  connec- 
tion to  the  eastward.  So  far  as  could  be  determined,  a  portion  of  the 
base  of  the  mountains  is  formed  by  trachyte  No.  3.  Porphyritic  tra- 
chyte bus  broken  through  this,  however,  and  occupies  the  most  central 
]>ositions.  We  have  in  this  instance  a  more  complete  type  of  eruption 
than  is  generally  observed  among  the  rocks  of  this  class.  This  fact  may 
account  for  the  sui>erior  height  of  the  main  peak.  Dikes  occur  in  con- 
nection with  the  main  mass,  and  the  characteristic  dome-shaped  curv- 
ing may  be  noticed.  It  seems,  however,  as  if  the  force  projecting  the 
volcanic  material  upward  had  been  one  so  severe  that  ruptures  imme- 
diately took  place  sufficiently  large  to  allow  the  passage  of  enormous 
amounts  of  the  lava. 

•  Rep.  U.  8.  Geol.  Surv.,  1875,  p.  27-<J.  t  Rep.  S.  U.  Geol.  Surv.,  1874,  p.  207. 
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Dolores  Peak  and  Lone  Cone. — Mr.  Holmes  faniiHbes  a  section  extend- 
ing from  Monnt  Wilson  to  Dolores  Peak  and  thence  to  Lone  Cone.* 

From  this  it  would  appear  that  both  are  essentially  bat  a  continua- 
tion of  the  Monnt  Wilson  npheaval.  The  trachytic  mass  has  penetrated 
the  older  mesozoic  beds,  has  broken  throngh  the  massive  Dakota  sand- 
stones, and  finds  an  opportunity  for  lateral  expansion  in  the  Middle  Ore- 
taceons  shales.  Dikes  and  intrusive  sheets  of  volcanic  material  are 
not  wanting.  The  latter  appear  either  as  interbedded  or  in  the  form  of 
wedges. 

Viewed  as  a  whole,  the  three  eruptions  undoubtedly  belong  together. 
They  occur  in  approximately  a  straight  line,  and  their  general  as  well 
as  detail  character  is  perfectly  conformable.  It  is  a  significant  fieict 
that  mainly  the  Middle  Cretaceous  shales  are  made  the  recipients  of 
lateral  intrusion.  Evidently  the  lower  sandstones  did  not  oflfer  the  same 
facilities.  Whether  this  may  be  the  result  of  pressure  produced  by  the 
superincumbent  strata,  or  whether  the  uplifting  force  was  not  suflBcient 
to  produce  a  parting  of  the  beds,  is  a  question  for  investigation.  It 
seems  a  very  difficult  matter  to  measure  the  relative  power  of  the  force 
employed,  but  phenomena  of  this  character  may  eventually  furnish  some 
tangible  clue. 

Bear  River  Mountmns. — A  portion  of  the  Bear  Eiver  Mountains  may 
be  said  to  belong  to  the  porphyritic  trachyte  group.  During  1874  I  vis- 
ited the  eastern  part  and  found  rocks  that  must  be  referred  thereto.t 
A  mountain,  upon  which  Station  36  was  made,  rises  to  an  altitude  of 
12,554  feet,  and  may  be  considered  as  the  main  point  of  outflow.  From 
there  the  trachyte  has  spread  over  Carboniferous  sandstones  to  the  west- 
ward, over  Middle  Cretacions  shales  to  the  east.  Instances  of  intrusion 
were  observed  at  several  points.  One  was  noticed  in  particular  where 
the  trachyte  appeared  as  directly  interstratifled  with  red  Carboniferous 
sandstones.^:  Near  the  top  the  intrusive  sheets  are  wedge-shaped,  but 
lower  down  they  closely  resemble  interstrata.  I  am  inclined  to  the 
opinion  that  we  there  have  one  of  those  instances  that  shows  only  a 
small  portion  of  the  volcanic  rock  on  the  surface,  while  the  main  mass 
remains  buried.  Considerable  disturbances  from  the  normal  position 
have  been  produced  by  this  series  of  intrusions,  although  no  striking 
forms  have  resulted  therefrom.  So  far  as  seen,  there  was  but  little  dis- 
turbance of  the  Cretaceous  shales,  owing,  perhaps,  to  the  fact  that  they 
are  a  short  distance  removed  from  the  centre  of  ejection.  Much  de- 
nudation and  erosion  has  taken  place  at  that  locality,  and  at  some 
points  has  brought  to  light  portions  of  formerly  hidden  volcanics. 

At  Station  36  the  rock  is  very  characteristic.  A  grayish-green  micro- 
crystalline  paste  contains  innumerable  crystals  of  opaque,  white  oligo- 
dase,  giving  the  trachyte  the  appearance  of  a  very  uniform  pudding- 
stone.  Small  acicular  crystals  of  green  and  black  hornblende  are  dis- 
persed throughout  the  paste.  A  short  disfomce  from  the  station  the 
rock  represents  a  type  that  isfrequently  found  in  connection  with  i)orphy- 
ritic  trachyte.  An  almost  white  micro-crystalline,  feldspathic  paste 
contains  minute  cry8talsoftran8parentoligoclase,and  very  small  crystnln 
of  a  brown  mica.  It  is  highly  probable  that,  were  we  able  to  go  to  any 
considerable  depth,  we  would  find  the  oligoclase  to  be  transparent 
throughout.  The  opacity,  which  it  shows  near  the  surface  is  most  likely 
due  to  a  partial  alteration  into  caolinite.  Oligoclase  readily  changes 
upon  exposure,  particularly  in  regions  of  varying  temperature. 

•  Kep.  U.  S.  Geol.  Surv.,  IH75,  p.  244.  t  Rep.  U.  S.  Geol.  Surv.,  Id74,  p.  207. 

t  Uep.  U.  S.  Gcol.  Surv.,  1874,  p.  i^lU. 
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SIEBBA  LA  SAL. 

« 

The  Sierra  La  Sal,  or  Salt  MooDtains,  is  properly  composed  of  three 
groups,  with,  as  Dr.  Peale  says*,  ^'sedimentary  saddles  separating  three 
eruptive  centres."  Daring  1875  he  visited  that  region  and  examined 
carefully  the  structure  of  the  mountains.!  Rising  to  a  relative  elevation 
of  8,000  to  8,500  feet  above  the  adjoining  river- valleys,  these  mountains 
are  located  just  west  of  the  western  boundary  of  Colorado,  at  about 
north  latitude  38^  30^. 

The  entire  structure  of  the  mountains  is  a  simple  one,  being  mainly 
a  vertical  eruption  along  aline  trending  approximately  north  and  south. 
Newberry  in  1859  already  noticed  the  probable  eruptive  character  of  the 
group  and  compared  it  to  that  of  the  Sierra  Abajo.l  From  Dr.  Peale^s 
sections,  it  appears  that  the  La  Sal  Mountains  owe  their  formation  to  the 
same  process  that  caused  the  elevation  of  the  La  Platas  and  other 
closely-related  groups.  Instead  of  having  but  one  fissure  for  the  ejec- 
tion  of  the  main  mass  of  volcanic  material,  we  find  two,  running  paral- 
lel, in  the  middle  and  northern  groups.  This  is  accompanied  by  a  varia- 
tion from  the  simple,  dome-shaped  flexure  of  the  seilimentary  strata. 
Most  strikingly  is  this  demonstrated  in  the  middle  group.  There  we 
find  two  mountains,  both  of  them  of  nearly  13,000  feet  altitude.  While 
the  Lower  Cretaceous  strata  dip  away  both  to  eastward  and  westward  of 
the  entire  group,  they  have  been  raised  to  a  considerable  elevation  be- 
tween these  two  mountains.  At  present  they  form  a  saddle  between 
them,  and  are  curved  in  the  form  of  a  synclinal  fold.  Evidently  the 
force  exerted  in  either  mass  of  volcanics  was  not  sufficiently  great  to 
carry  it  high  enough  to  obliterate  this  remnant  of  sedimentary  strata. 
Triassic  and  Jurassic  beds  have  been  severely  affected  by  the  trachytes 
and  their  eruption.  Metamorphosed  fragments  testify  to  the  heat, 
while  broken  and  disrupted  strata  indicate  the  enormous  force  employeil. 

Interleaving  of  volcanic  material  with  sedimentary  beds  may  be  ob- 
served nearthe  jnnctionsof  the  main  fissures  with  the  edgesof  strata  torn 
apart.  Apparently  the  Palaeozoic  groups  take  part  in  the  general  flexure 
of  strata,  indicating  the  deep-seated  source  whence  the  trachytes  were 
derived. 

The  rocks,  so  far  as  observed,  agree  closely  with  those  from  other 
localities  belonging  to  the  same  class.  Unfortunately  the  specimens 
were  lost,  but  sufficiently  detailed  examinations  had  been  made  in  the 
field  to  establish  their  character. 

SrCRBA  ABAJO. 

The  Sierra  Abnjo  was  visited  by  Mr.  Holmes  during  1876,  and  his  re- 
port thereon  is  published  in  this  volume,  pp.  189, 193.  Dr.  Peale  gives  a 
short  synopsis  of  its  character,§  which  shows  it  to  be  perfectly  contorma- 
ble  in  its  features  with  the  other  groups  composed  of  porphyritic  trachyte. 
The  range,  if  it  may  be  so  called,  is  situated  due  west  of  the  San  Miguel 
Mountains,  at  about  north  latitude  37°  50',  west  longitude  109o  30'.  A 
number  of  prominent  points  compose  the  group.  Evidently,  as  in  other 
regions  of  similar  construction,  the  lava  has  been  ejected  through  one  or 
more  fissures,  and,  upon  reaching  the  yielding  Cretaceous  shales,  has 
spread  laterally.    Thus  intrusive  masses  are  formed,  similar  to  those 

"  •Bull.  U.  S.  Geol.  Snrv.,  1877,  No.  3,  vol.  iii,  p.  558. 

t  Rep.  U.  S.  Geol.  Snrv.,  1875,  p.  59. 
t  Expl.  Exp.,  by  J.  N.  Macomb,  1859, 1876.  p.  93. 
i  Ball.  U.  8.  Geol.  Sarv.,  vol.  iii,  No.  3,  p.  558. 
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observed  elsewhere.  Dikes  have  been  formed,  traversing  the  sediment- 
ary strata^  and  composed  of  the  same  material  that  is  shown  in  the  main 
mass.  Newberry,  in  1859,  recognized  the  local  eruptive  character  of  the 
group.*  Although  the  Sierra  Abajo  is  not  within  the  limits  of  Colorado, 
its  relations  with  Colorado  groups  are  so  striking  that  a  brief  mention 
has  here  been  made. 

SIEBBA  CABBISO. 

This,  like  the  preceding,  is  not  situated  in  Colorado,  but  in  the  ex- 
treme northeastern  corner  of  Arizona.  It  is  similar,  in  every  respect,  to 
the  El  Late  Monirtaius.  Mr.  Holmes  visited  it  during  1876,  and  pub- 
lished an  interesting  account,  t  The  highest  points  of  this  croup  rise  to 
an  altitude  of  9,000  feet,  the  most  elevated  of  which  has  been  named 
Mount  Pastora.  Here,  as  in  the  other  groups,  porphyritic  trachyte  has 
found  its  way  through  the  superincumbent  sedimentary  strata,  and  has 
spread  out  laterally,  upon  reaching  su<ih  strata  as  would  permit  its  ex- 
pansion. It  is  highly  probable  that  but  a  limited  quantity  of  the  lava 
originally  reached  the  surface,  but  that  subsequent  erosion  removed  the 
Cretaceous  beds,  thus  exposing  the  trachytes.  Mr.  Holmes  hasobserved 
a  very  curious  occurrence  in  connection  with  the  Can'iso  group.  He 
finds  that  the  Cretaceous  sandstones  show  a  liexure  which  indicates  the 
])rimary  formation  of  either  an  arch  or  a  dome.  Covering  these  strata 
are  layers  or  flows  of  trachyte  that  ^'  are  also  flexed  with  the  sandstones, 
and  appear  as  if  they  might  at  one  time  have  formed  part  of  the  arch." 
Two  explanations  present  themselves  for  this  phenomenon  : 

(1.)  The  eruption  of  volcanic  material  may  have  been  spasmodic. 
Long  periods  of  time  may  have  elapsed  between  the  successive  ejections 
of  lava. 

(2.)  The  overlying  trachytes  may  form  an,  originally,  intrusive  sheet 
In  this  case  the  higher  beds  of  sedimentary  strata  have  been  removed 
by  erosion. 

I  am  inclined  to  this  latter  view,  from  the  fact  that  at  most  localities 
the  eruption  of  porphyritic  trachyte  appears  to  have  progressed  without 
any  appreciable  intermission,  and  because  there  is  ample  evidence  of 
extenjsive  erosion. 

Huge  fragments  of  the  sedimentary  material  have  been  carried  upwanl, 
together  with  the  lava,  and  now  present  the  characteristic  metamor- 
phoses observed  at  so  many  points.  Portions  thereof  have  undoubtedly 
eiit<>red  tlie  trachyte,  thus  changing,  to  a  certain  degree,  its  composition. 

With  the  Sierra  Carriso  ends  the  discussion  of  such  groups  as  have 
been  referred  directly  to  the  porphyritic  trachytes.  It  remains  to  sum- 
marize the  results,  and  treat,  more  connectedly,  of  the  various  unique 
features  belonging  to  these  groups. 

RI5SUME  OF  PORPHYRITrC  TRACHYTE. 

I. — LOCATION. 

From  the  preceding:  pages  it  will  bo  observed  that  the  most  noticeable 
feafure  of  the  location  of  groups  referable  to  porphyritic  trachyte  is 
that  of  isolation.  None  of  tliem  are  in  direct  connection  with  any  mount- 
ain range  or  groups.  Tbey  stand  in  no  intimate  snperlicial  relation  with 
otbrr  ej  iiptions,  wliatever  might  be  tlieir  associations  near  their  sources. 
AVitliont  exception,  almost,  they  are  surrounded  by  sedimentary  beds. 

•  RL'p.  Kxpl.  Kxp.  J.  N.  Maroinl),  H.V.),  l-TC,  p.  100. 
t  Kep.  U.  S.  Geol.  Surv.,  1875,  p.  •^74. 
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It  may  be  noticed  that,  in  a  general  way,  the  varions  gronps  have  a 
combiDed  strike  parallel  to  the  main  strike  of  the  great  volcanic  mass 
of  the  Uncompahgre  and  tian  Joan  Mountains.  The  trend  of  those 
fifToaps  not  far  distant  from  the  main  volcanic  area  may  be  regarded  as 
being  at  angles  approximating  9(P  thereto.  In  contradistinction,  those 
that  are  located  far  off  have  a  trend  nearly  north  and  south.  This  ar- 
raDgement,  though  the  connection  may  not  appear  perfectly  clear,  seems 
coDstant,  a.ud  must  therefore  have  some  bearing  upon  the  correlations  of 
the  two  classes  of  eruptives. 

II.~PHTSIOAL  APPEARANCE. 

Pependent,  in  a  measure,  npon  their  location  is  the  exterior  appear- 
ance presented  by  these  groups.  They  rise  to  coosiderable  absolute 
altitudes  from  the  comparatively  low  couotry  surrounding  them.  Mount 
Wilson  reaches  the  highest  elevation  among  them,  and  is  followed  by 
the  Spanish  Peaks.  In  conformity  with  their  structure,  the  mountains 
composed  of  porphyritic  trachyte  show  unique  exterior  feature.  Taking 
a  general  view,  they  may  be  described  as  isolated  groups  rising  abruptly 
from  the  level  of  the  surrounding  country.  Sharp  summits  character- 
ize the  peaks.  Erosion  has  been  productive  of  severe  corrugation. 
Bidges  and  spurs  leading  up  to  the  highest  poitits  are  sharply  defined, 
very  often  falling  off  precipitously  on  either  side.  Steep  slopes  are  no- 
ticeable, especially  near  the  tops  of  the  high  peaks.  A  linear  arrange- 
ment of  the  most  prominent  points  may  be  observed,  due  to  the  strike 
of  the  points  or  fissures  of  outflow.  Within  a  certain  distance  from  the 
gronpsi  and  within  their  limits,  the  dikes  have  produced  characteristic 
foms.  Walls,  or  isolated  masses  of  rock,  and  steep,  hogback-shaped 
una  denote  their  presence. 

Usually  the  colors  exhibited  by  the  rocks  are  dark.  Bright  shades  of 
led  and  green  are  not  wanting,  however,  owing  to  the  presence  of  ferric 
oxygen-compounds. 

The  entire  habitat  of  the  porphyritic  trachyte  groups  is  so  striking 
that,  if  once  seen,  it  will  rarely  be  forgotten.  All  the  special  features 
inentioned  above  combine  to  produce  an  effect  that  is  unlike  any  other 
observable  in  the  same  region. 

III.— STRUCTURE. 

Two  types  of  structure  may  be  distinguished : 

(1.)  Mountains,  or  groups  of  mountains,  are  formed  by  the  agencj  of 
A  definite  arrangement  of  numerous  dikes. 

(2.)  Large  masses  of  volcanic  material  have  been  ejected  through  one 
^f  more  apertures,  have  been  accompanied  by  a  stratigraphical  disturb- 
ance, producing  arched  or  dome-shaped  flexures  of  sedimentary  beds, 
and  have  form^,  aided  by  erosion,  mountains  and  mountain-groups. 

To  the  first  series  belong  such  occurrences  as  have  been  observed  at 
^^est  Spanish  Peak,  Park  View  Mountain,  and  Mount  Richard  Owen, 
-^radial  arrangement  of  fissures  was  subsequently  filled  by  hot  volcanic 
iD&terial.  While  breaking  up,  in  part,  the  sedimentary  beds  through 
which  the  lava  passed,  it  has,  at  other  points,  enabled  it  more  success- 
Allj  to  withstand  erosive  influences. 

Although  it  cannot  be,  and  is  not,  claimed  that  solely  erosion  ha«  pro- 
doeed  the  present  relative  elevation  of  such  mountains,  it  has  been  a 
very  important  factor  in  their  genesis.    Furcation,  crossing  or  reticula- 
tion of  the  dikes  has  resulted  in  the  formation  of  points  or  series  of 
16  G 
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points  especially  capable  of  resisting  disintegration.  Sharp  points  on 
ridges  or  even  isolated  bills  in  tiie  luljoiuing  valleys  indicate  their  po- 
sition. 

This  system  of  monntain  stracture  is  one  that  has  not  heretofore  been 
observed,  so  far  as  I  am  aware.  Until  it  was  pointed  ont  in  the  por- 
phyritic  trachyte  groups  it  had  not  appeared  elsewhere.  Perhaps  the 
best  locality,  one  where  it  may  be  studied  together  with  its  most  sac* 
cessful  results,  is  that  of  the  Spanish  Peaks. 

On  a  more  extensive  scale  than  the  preceding  series  is  the  second 
one.  Although  here,  too,  the  dikes  enter  very  largely  into  considera- 
tion, they  are  of  but  secondary  importance.  Kegarding  the  stmctare 
schematically,  we  may  state  tl  at  in  this  instance  the  volcanic  material 
is  contained  mainly  at  or  near  the  surface. 

Having  fuissed  upward  through  fissures  or  tabes  formed  in  compara- 
tively hard  strata,  the  lava  finds  such  that  will  yield  to  lateral  compres- 
sion and  to  vertical  separation  caused  thereby.  This  permits  a  horizontal 
expansion  of  the  lava.  As  compared  with  the  preceding  group,  this  form 
may  be  considered  the  more  complete.  In  the  one  case  all  the  volcanic 
material  is  still  confined  within  the  limits  of  the  original  apertures  of 
emission,  while  in  the  other  secondary  openings  are  formed  |)ermittiug 
the  entrance  of  foreign  matter. 

In  many  instances  it  may  remain  a  question  in  doubt  whether  any 
but  a  very  small  portion  of  the  lava  originally  reached  the  surface. 
Primarily  it  would  appear  as  if  this  question  might  readily  be  decided 
by  the  shape  of  the  mountain  or  mountain- group.  Upon  examination, 
however,  this  involves  many  considerations.  Wherever  JioioB  have  ex- 
tended from  the  central  regions  of  outflows,  covering  such  strata  as 
were  exposed  at  the  time  of  eruption,  there  is  no  difficulty  in  making  a 
determination.  Denudation  may  produce  an  effect  easily  mistaken  for 
surface-flows.  Erosion  and  disintegration  subsequent  to  exposure  will 
produce  results  that  may  defy  the  recognition  of  the  original  condition 
of  the  portions  involved.  From  this  it  may  be  seen  that  verj'  few  ap- 
plicable data  can  be  obtained  whereupon  to  base  any  opinion  per^ 
tinent  to  the  question.  While  we  have  evidence  that  the  sedimentaiy 
beds  have  been  arched  to  a  very  considerable  elevation  (Sierra  La  Sal) 
and  have  sustained  but  few  ruptures,  it  seems,  a  priori^  improbable  that 
such  should  be  the  ease  in  all  instances.  Gradual  denudation  can  re- 
move enormous  quantities  of  material.  It  is  not  to  be  suf)posed,  how- 
ever, that  it  would  remove  a  sufficient  thickness  of  strata  to  permit  the 
assumption  that  most  of  the  groups  were  formerly  covered  by  sedimen- 
tary deposits.  The  flexure  of  strata  in  the  cases  of  the  eruptions  under 
consideration  is  established.  It  seems  probable,  therefore,  from  the 
very  magnitude  of  the  arches,  that  they  broke  at  the  points  or  along 
the  lines  of  weakest  resistance,  thus  permitting  an  emission  of  large 
quantities  of  the  lava.  As  a  rule,  I  think  we  may  state  that  the  cen- 
tral portions  of  the  groups  reached  the  surface,  but  that  much  of  the 
lateral  material  now  exposed  was  formerly  hidden  under  a  mass  of  sedi- 
mentary rocks.  This  will  apply  equally  to  nearly  all  of  the  groups  ob- 
served. 

IV.— EELATIONS  TO  SEDIMENTARY  FORMATIONS. 

Gronps  of  mountains  composed  of  porphyritic  trachyte  are  found 
mainly  iu  regions  exhibiting  Cretaceous  beds.  Among  such  we  count 
all  the  more  westerly  ones.  A  partial  exception  is  made  by  West  Span- 
ish Peak.  There  the  trachyte  has  mainly  broken  through,  and  is  con- 
tained iu  fissures  formed  in  Carboniferous  strata.    At  a  few  localities  it 
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was  observed  that  the  Palaeozoic  beds  were  distarbed.  Iriassic  and 
Jurassic  strata  are  more  frequently  a£fected.  Lower  Cretaceous  sand- 
stones are  broken  through,  and  are  at  many  places  altered,  into  quartz: 
ites.  The  largest  amount  of  disturbance  the  Middle  Cretaceous  shales 
have  sufifered.  They  have  been  distorted;  their  normal  position  has 
been  infringed  upon  by  the  trachytic  lavas  until  both  horizontal  and 
vertical  displacements  have  occurred.  Within  the  limits  of  the  Middle 
Cretaceous  shales  we  find  the  greatest  development  of  the  trachytic 
masses.  Offering  less  resistance  than  underlying  beds,  partly  from 
their  position,  partly  from  their  texture,  they  have  been  penetrated 
largely  by  the  lava.  Mainly  in  an  approximately  horizontal  direction 
has  this  penetration  taken  place.  To-day  we  find  its  evidence  in  the 
huge  sheets  and  wedges  of  porphyritic  trachyte  that  interleave  the 
shales. 

At  several  localities  Post-Cretaceous  strata  are  traversed  by  dikes  be- 
longing to  this  group.  They  are  not  separable  therefrom,  either  in  the 
character  of  their  occurrence  nor  in  their  petrographic  constitution. 

v.— INFLUENCE  UPON  SEDMBNTABY  STRATA. 

The  influence  of  the  porphyritic  trachytes  upon  sedimentary  rocks  is* 
dependent  upon  the  primary  effect  produced  thereupon.    The  question 
referring  to  the  great  displacements  of  strata  does  not  enter  into  con- 
sideration at  this  place.    We  here  consider  only  that  produced  by  the 
contact  with  each  other.    This  may  be : 

(1)  Preserving,  or 

(2)  Destroying. 

From  numerous  observations  it  has  been  learned  that  the  effect  of  the 
hot  lavas  upon  sedimentary  rocks  has  been  such  as  to  metamorphose 
them.  This  is  accomplished  in  a  very  direct,  uniform  manner,  but  its 
results  differ  somewhat.  We  find  that  by  the  action  of  heat  sandstones 
have  been  changed  into  hard  qnartzites,  and  even  into  aggregates 
closely  resembling  granites.  We  find  argillaceous,  partly  dolomitic 
shales  trausformed  into  rocks  that  the  experts  would  term  micaceous 
schists.  Shales  and  marls  are  altered  into  argillites  and  porcelain  jas- 
per. In  case  the  cohesion  of  the  entire  mass  is  not  destroyed,  this  pro- 
cess has  been  a  preserving  one.  Instances  do  occnr,  however,  where 
the  unity  of  the  mass  has  been  broken  up,  where  the  result  of  heat  upon 
the  strata  was  sncb  as  to  render  them  more  effectually  attacked  by  erod- 
ing agents.  This,  in  one  sense,  may  be  characterized  as  destruction  of 
the  strata. 

I  have  in  view,  however,  still  another  process  by  which  the  destruc- 
tion of  originally  unchanged  sedimentary  rocks  is  iaccomplished.  This 
is  due  to  the  action  of  fusion.    The  products  thereof  I  name 

SYMMOEPniC*  EOCKS. 

In  passing  through  the  fissures  in  sedimentary  strata,  the  lavas  of  this 
trachytic  group  have  frequently  enveloped  fragments  thereof  of  more  or 
less  weight,  and  have  carried  them  along.  Such  fragments  can  often 
be  found  in  a  metamorphosed  condition.  Taking  the  case-  that  they 
were  small,  though  numerous  perhaps,  it  is  easy  to  see  that  they  might 
be  entirely  assimilated  by  the  hot  lava  inclosing  them.    This  would 

*NoTE. — I  hsTe  coined  this  word  to  express  what  is  described  in  tiie  sofajoined  page. 
It  seems  essential,  and  is  certainly  more  convenient  for  descriptive  purposes,  to  sepa- 
rate so  interesting  a  group  by  a  definite,  expressive  term.— £ 
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produce  a  change  in  the  chemical  composition  of  the  rocks.  Upon  ex- 
amination it  will  be  found  that  such  a  change  can  be  observed  in  many 
of  the  dikes.  It  stands  in  direct  proportion,  so  far  as  known,  with  the 
chemical  composition  of  the  strata  traversed.  Dr.  Peale  and  Mr.  Holmes 
have  collected  specimens  from  the  Western  groups  of  porphyritic  tra- 
chytes that  defy  identification  by  a  lithologist.  It  was  found  in  snch 
instances,  upon  partial  examination  only,  that  the  rock  contained  con- 
siderable quantities  of  the  main  constituents  shown  by  such  strata 
as  it  had  passed  through.  Thus,  for  instance,  one  specimen  fh>m  a 
dike  contained  carbonate  of  Hme.  Investigations  being  made,  it  was 
found  to  i>enetrate  a  series  of  calcareous  shales.  It  is  evident  that  the 
calcium  could  not  at  first  have  been  assimilated  as  a  carbonate.  It  was 
taken  up  as  a  carbonate,  turned  by  heat  into  calcium  oxide,  and  remained 
as  such  until  percolating  waters  and  exposure  to  atmosphere  enabled 
it  to  acquire  a  sufficient  amount  of  carbonic-acid  gas  again  to  form 
carbonate  of  lime.  Many  similar  instances  have  been  observed,  show- 
ing how  widely  spread  this  assimilation  is.  It  remains  to  be  stated  that 
no  ultimate  chemical  examinations  have  been  made  of  these  cases  as  yet, 
or  more  definite  results  would  be  presented. 

Clearly  the  opportunity  for  assimilating  such  foreign  material  is 
greatest  in  a  narrow  fissure.  In  proportion  the  volcanic  lava  has  ex- 
posed to  its  action  a  far  greater  surface  of  unchanged  rook.  Its  narrow 
width  will  more  readily  permit  a  thorough  permeation  of  the  entire  mass, 
and  its  peculiar  methods  of  cooling  may  be  productive  of  more  striking 
results.  In  dikes,  therefore,  rather  than  in  the  large  masses  of  vol- 
cauics,  must  we  look  for  the  variations  produced  by  the  foreign  matter 
entering  into  the  composition  of  the  erupted  material. 

As  the  result  of  additional  quantities  of  silica,  alumnia,  lime,  mag- 
nesia, and  other  constituents,  from  the  source  above  described,  totally 
changes  the  original  character  of  the  lava,  I  comprise  the  series  under 
the  name  of  *'  symmorphic''  rocks. 

VI.— CORRELATION  WITH  OTHER  ERUPTIVES. 

Viewed  in  their  character  as  eruptives,  the  porphyritic  trachytes  may 
be  compared  to  the  granites  of  the  Elk  Mountain  region.  Both  are 
isolated,  both  have  broken  through  sedimentary  strata — probably  at  or 
after  the  close  of  the  Cretaceous  period.  Both  classes  of  occurrences  are 
accompanied  by  disturbances  of  the  sedimentary  beds.  Dr.  Peale*  has 
described  them  both  in  the  same  paper,  and  points  out  their  analogies 
and  dissimilarities.  Ele  has  seen  the  most  typical  points  of  either  class, 
and  is  competent  to  judge. 

So  far  as  I  can  determine,  there  is  no  direct  correlation  between  the 
eruptions  of  the  group  under  consideration  and  the  greats  massive 
eruptious  of  the  Uucompahgre,  San  Juan,  or  other  regions.  I  consider 
it  highly  probable  that  there  is  a  chronological  and  dynamical  con- 
nection, but  none  that  appears  as  such  at  the  present  time.  From  all 
that  can  be  learned  the  eruptious  of  porphyritic  trachytes  occurred  very 
near  the  time  that  we  must  assume  for  those  of  rhyolite,  prior  to  basalt. 
I  am  unable  to  state  which  of  the  two,  rhyolite  or  porphyritic  trachyte, 
should  be  regarded  as  the  older.  In  mineralogical  constitution  the 
rocks  of  the  latter  group  have  a  general  resemblance  to  trachyte  proper; 
less  so  to  rhyolite.  The  lower  percentage  of  silica,  and  its  usual 
absence  as  such,  constitute  a  considerable  portion  of  the  similarity. 

"  •  BoU.  U.  S.  Geol.  Surv.,  vol.  iii,  No.  3, 1877.  '  ^ 
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Free  silica  has  not  very  often  been  observed  in  tbe  porpbyritic  tracbytes, 
and,  whenever  found,  the  suspicion  lay  near  at  hand  that  it  might  have 
been  received  daring  tbe  passage  of  the  lava  through  some  highly 
siliceous  stratum.  In  consequence  of  their  greater  direct  affinities  to 
trachyte,  I  have  placed  them  so  as  to  precede,  in  nge,  the  rhyolite  in  the 
first  table,  but  have  reversed  this  succession  in  the  discassiou,  in  order 
to  give  expression  to  my  doubts.  !Nowhere  were  rocks  of  this  group 
found  in  sufficiently  intimate  contact  with  the  younger  trachorheites  to 
admit  of  any  definite  interpretations  of  their  relations.  One  feature 
may  be  regarded  as  distinctive,  however.  While  the  trachorheites  are 
usually  found  to  have  their  origin  in  regions  occupied  by  metamorphic 
rocks,  the  porpbyritic  trachytes  are  found  in  sedimentary  areas.  This 
argues  an  inference  that  enters  into  consideration  in  the  study  of  their 
original  sources. 

vu.— AGE. 

A  certain  amount  of  definite  information  has  been  collected  with  ref- 
erence to  the  age  of  the  porpbyritic  trachytes.  It  has  been  mentioned 
above  that  they  are  found  mainly  in  Cretaceous  areas.  At  Park  View 
Mountain  and  south  of  Spanish  Peaks  dikes  formed  of  it  cut  through 
Post-Cretaceous  strata  (lignitic  series).  I  am  not  aware  that  any  strata 
younger  than  these  have  been  traversed  by  them.  As  these  occurrences 
are  thoroughly  characteristic  at  both  localities,  and  as  their  connection 
with  the  entire  group  has  been  satisfactorily  established,  we  may  regard 
the  period  of  eruption  as  falling  very  near  the  beginning  of  the  Tertiary 
epoch.  I  am  inclined  to  regard  it  as  rather  belonging  to  an  era  after  the 
beginning  of  Tertiary  sedimentation.  As  each  of  these  formations  re- 
quired enormously  long  periods  of  time  for  its  deposition,  we  are  not 
enabled  to  make  an  assertion  that  would  confine  the  eruptions  within 
narrow  chronological  limits.  Large  masses  of  Tertiary  beds  may  have 
elsewhere  been  deposited  while  the  region  exhibiting  volcanic  activity 
had  not  yet  been  invaded  by  water  or  sediment. 

BASIC  VOLCANIC  ERUPTIVES. 
DOLERITE. 

Among  all  the  volcanic  rocks  in  Colorado  dolerite  occupies  the  least 
prominent  position.  Most  likely  many  of  the  rocks  that  are  classed 
with  the  basalts  should  properly  be  referred  to  dolerites.  It  is  a  matter 
of  some  difficulty  to  separate  the  two  in  the  field^  however,  owing  to 
their  mode  of  occurrence  and  to  the  similarity  of  lithological  constitu- 
tion. Perhaps  the  best  criterion  for  separation  of  the  two  may  be  the 
presence  of  olivine  in  tbe  basalts,  and  this  has  been  made  the  basis  for 
discrimination  in  the  subjoined  pages.  Although,  at  first  glance,  the 
occurrence  of  olivine  might  seem  to  afford  a  positive  element  of  recog- 
nition, the  decomposition  and  eventual  disappearance  of  this  mineral 
greatly  increases  the  difficulty.  Were  it  possible  to  employ  microscopic 
tests  in  every  instance,  but  little  doubt  could  remain  as  to  the  true 
character  of  the  rock.  It  is  evident,  however,  that  this  means  can  be 
employed  in  isolated  cases  only,  and  we  are  forced  to  base  opinions  upon 
less  reliable  bases. 

Dolerite  occurs  in  the  IJncompahgre  group  in  small  quantities,  associ- 
ated with  basalt.  The  connection  of  the  two  is  so  intimate,  and  the 
former  occurring  in  so  subordinate  a  position,  that  they  could   not 
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well  be  separated.  By  far  the  largest  masses  found  were  observed  by 
Mr.  Marvine  iQ  doleritic  breccia.*  In  the  region  of  the  Hot  Springs, 
Middle  Park,  Marvine  observed  heavy  beds  of  doleritic  breccia  ander- 
lyiug  strata  belonging  to  the  PostCretaceons  lignitic  series.  Their 
maximum  thickness  is  800  to  900  feet.  So  far  as  coald  be  determined, 
this  conglomerate  must  have  been  derived  from  former  extensive  de- 
posits of  dolerite  and,  in  part,  basalt.  The  rocks  are  characteristic,  are 
water-worn,  and  deposit^  analogous  to  true  sedimentary  beds.  Their 
relative  position  changes  somewhat  at  dififerent  localities,  but  usually 
they  occupy  a  definite  horizon.  Most  likely  the  material  was  ejected 
prior  to  the  eruption  of  the  main  mass  of  basalts,  and  an  extensive 
action  of  erosion  has  early  produced  the  effects  we  now  observe.  This 
is  the  chief  occurrence  of  dolerite  in  Colorado,  though  I  do  not  doubt 
that  upon  careful  investigation  certain  groups  heretofore  referred  to 
basalt  will  be  resolved  into  dolerite  and  diabase. 

BASALT. 

Basalt  occurs  at  many  localities  throughout  the  State.  It  is  found  in 
varying  quantities  and  of  different  methods  of  occurrence.  Similar  to 
trachyte,  it  takes  a  prominent  part  in  shaping  the  exterior  features  of 
the  country.  Analogous,  also,  to  trachyte,  we  fiud  its  associations  to 
be  constant  within  certain  limits. 

Three  types  of  eruption  may  be  distinguished : 

Massivej 
Anarhactic,  and 
Isolated, 

To  the  first  we  must  count  those  basaltic  areas  that  are  in  intimate 
connection  with  the  trachorheitic  group,  and  those  where  enormous 
masses  of  the  lava  have  been  poured  out  over  sedimentary  beds. 

The  second  group  comprises  occurrences  that  we  observe  most  fre- 
quently in  the  younger  sedimentary  formations.  Fissures,  mainly  formed 
in  the  strata,  have  been  filled  by  basalt,  and  now  are  found  as  dikes. 

Isolated  groups  occur  most  frequently  in  the  lower  country,  both 
south  and  east  of  the  main  mountain-masses.  They  are  thoroughly 
characteristic  in  their  features,  as  well  as  in  the  relations  to  surround- 
ing rocks. 

I.— MASSIVE. 

San  Luis  Valley. — In  the  southwestern  portion  of  San  Luis  Valley, 
and  extending  from  there  westward,  we  find  a  very  large  area  covered 
by  basaltic  rocks.  This  area  commences  on  the  eastern  slope  of  the  San 
Juan  Mountains,  reaching  far  down  into  the  valley.  Prominent  in  the 
southern  portion  are  two  high  peaks,  Mount  San  Antonio  and  Ute  Peak. 
We  find,  by  examining  the  western  edge  of  the  basalt  area,  that  these  rocks 
rest  directly  and  conformably  upon  the  trachorbeites  composing  the  mount- 
ains. From  there  the  basaltic  beds  slope  eastward,  dipping  toward  the 
valley.  At  all  points  the  successive  flows  of  lava  can  be  readily  traced. 
They  are  perfectly  distinct,  and  greatly  aid  in  the  recognition  of  the  struct- 
ure of  the  entire  region.  During  1875  I  visited  the  region,t  and  mode 
an  attempt  at  detenniuiug  the  points  of  outflow  for  the  entire  area.  So 
far  as  any  definite  opinion  can  be  held,  I  incline  to  the  view  that  Mount 
San  Antonio  and  Ute  Peak  indicate  the  former  points  of  outflow.  A 
study  of  these  (topographically)  isolated  mountains,  and  the  rocks  com- 

•  Rep.  U.  S.  Geol.  Sarv.,  lfc!73,  p.  156,  &c.    —    t  Rep.  U.  3,  Geol.  Sorv.,  1875,  p.  143. 
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posing  them,  leads  to  tbis  eonolusion.  Neither  of  them  can  be  compared 
to  a  volcano,  although,  at  first  glance,  their  position  might  snggest  snch 
an  idea.  They  are  essentially  an  accamnlation  of  volcanic  material  at 
the  points  of  the  original  vents.  Undoubtedly  long  i)eriods  of  time 
dapsed  between  the  various  flows  of  basaltic  lava.  Many  of  the  erup- 
tions producing  them  may  not  have  brought  forth  a  quantity  of  lava 
sufficient  to  cover  mnch  ground.  In  this  case  it  would  have  become 
rigid  near  the  point  or  line  of  ejection,  thus  gradually  building  up  a 
mountain. 

While  the  basalts  of  the  entire  area  show  remarkable  uniformity  of 
constitution,  those  from  Mount  San  Antonio,  for  instance,  present  many 
variations.  This  argues  in  favor  of  the  view  which  regai*ds  the  mouu- 
tain  as  one  of  the  points  of  original  outflow. 

For  the  sake  of  comparison,  a  number  of  descriptions  are  here  repro- 
duced from  the  annual  report  of  1875.  Those  specimens  described  from 
the  various  stations  represent  the  character  of  the  basalt  of  the  entire 
area.  It  will  be  seen  how  many  varieties  were  observed  on  San  Antonio, 
more,  perhaps,  than  could  be  collected  over  the  whole  extent  of  the  ba- 
salt, excluding  points  of  outflow. 

1.  Station  91.    Basalt. 

Paste,  microcrystalline;  color,  middle  to  dark  gray;  weathers  dark- 
brown.  Contains  small  spherical  cavities,  which  appear  glazed.  Browu 
decomposed  inclosures  of  olivine  have  a  splendent  lustre.  Magnetite  is 
segregated  in  small,  octahedral  crystals.  Is  altogether  very  homogene- 
ous, heavy,  and  hard. 

2.  Station  9G.    Basalt. 

a.  Paste,  microcrystalline;  color,  dark-gray«  weathering  brown.  Oli- 
vijie  in  exceedingly  minute  particles.  Spherical  vesicles,  containing 
small  crystals  of  zeolites ;  magnetite  not  visible. 

k  Paste,  crystalline ;  color,  reddish-brown,  weathering  lighter.  Crys- 
tals of  black  biotite  occur  sparingly.  Olivine,  decomposed,  dark,  splend* 
ent  brown.  Irregular  vesicles  distributed  throughout  the  entire  muss, 
some  of  them  containing  zeolites.  Decomposition  of  magnetite  pro- 
doees  the  brown  color. 

3.  Mount  San  Antonio.    Basalt. 

a.  Paste,  cryptocrystalliue ;  color,  dark-gray  to  black.  Slightly  vesicu- 
lar; vehicles  either  spheroid  or  drawn  out;  in  some  of  them  deposits  of 
zeolites.    Olivine  the  only  segregated  mineral  distinguishable. 

b.  Essentially  the  same  as  above,  but  highly  vesicular.  Vesicles 
frequently  round,  while  on  the  same  bowlder  in  another  zone  they  are 
drawn  out.  No  mineral  distinguishable  but  olivine,  which  is  partly 
decomposed. 

e.  Paste  microcrystalline.  Color  pitch-black,  with  fatty  lustre.  Very 
compact.  Vesicles  too  minute  to  be  visible.  No  segregated  minerals. 
Besembles  the  typical  melaphyrs  of  Europe.  large  percentage  of 
magnetite.    This  variety  is  subject  to,  mainly,  three  modifications. 

d.  Physical  character  as  above,  excepting  the  presence  of  vesicles ; 
these  are  very  flat,  drawn  out  to  the  length  of  half  an  inch.  Between 
the  larger  ones  are  very  minute  ones.  The  rocks  break  into  shalj^ 
fragments,  owing  to  the  fact  that  the  vesicles  have  been  compressed  in 
one  direction.    This  latter  feature  is  still  more  modified  in — 

e.  Where  the  compression  goes  so  far  as  to  prodnce  a  decided  lami- 
nation. On  the  suiface  of  fracture,  which  latter  occurs  only  in  the 
direction  of  the  longitudinal  axes  of  the  vesicles,  it  has  an  appearance 
similar  to  that  of  the  surface  of  a  palm-leaf.    The  vesicles  no  longer 
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remain  as  sach,  and  are  only  indicated  bj  the  quasi  deavage-plaoes  of 
the  rock. 

/.  Shows  no  segregated  minerals  whatever,  and  is  as  porous  as  a 
si)onge.    The  vesicles  are  small,  averaging  1  millimetre  in  diameter. 

g.  Paste  micro-crystalline ;  its  stractare  mnch  obscnred  by  decomposi- 
tion. Compact;  no  vesicles.  Color  mottled  red-brown  and  black. 
Small  particles  of  olivine  are  distingaishable,  althoagh  decomposed. 
This  is  essentially  the  variety  c,  withont  vesicles  and  a  changed  color, 
the  result  of  higher  oxidation  of  the  magnetite. 

h.  Same  as  ^  in  paste.  Color  reddish-drab.  Minute  irregular  cav- 
ities, produced  by  decom[)osition  of  certain  mineral  constitoents. 
Olivine  inclosures  reaching  a  diameter  of  2  millimetres.  This  is  a  still 
further  progressed  product  of  decomposition. 

i.  Very  mnch  like  /.  Color  grayish-brown,  thoroughly  vesicular. 
Not  only  are  the  small  vesicles  found  as  in/,  but  large  ones  occur,  show- 
ing a  glazed  surface.  All  of  them  have  been  more  or  less  drawn  oat. 
In  its  texture  it  closely  resembles  pumice. 

Station  104.    Basalt. 

a.  Paste  micro-crystalline ;  color  black.  Minute  crystals  of  feldspar 
and  finely  distributed  olivine  give  the  rock  a  glassy  lustre.  Innumer- 
able small  vesicles.  Some  larger  ones  are  scattered  throughout.  The 
latter  are  filled  with  either  crystalline  or  amorphous  carbonate  of  lime. 

Station  99.    Basalt 

a.  Paste  grayish-black  when  fresh,  reddish-brown  when  decomposed ; 
crystalline.  Black  biotite  in  minute  crystals.  Olivine  brown.  Minite 
vesicles  and  scattering  larger  ones,  both  irregular. 

It  appears  that  after  the  outpouring  of  this  basaltic  lava  there  was 
an  elevation  of  the  region  directly  west  involving  a  portion  of  the  ba- 
salt Judging  from  the  eastern  limits  of  the  area,  it  seems  probable 
that  the  rise  westward  did  not  exert  its  influence  for  any  long  distance 
into  San  Luis  Valley. 

As  one  of  the  characteristics  of  this  region  we  may  regard  the  "fresh'' 
appearance  of  the  basaltic  rocks  exhibited  at  many  places.  Very  little 
decompovsition  and  disiutej]:ratiou  have  taken  place,  tbus  preserving,  in 
a  great  measure,  the  surface  intact  This  naturally  results  in  a  lack 
of  vegetation,  which,  in  turn,  augments  the  appearance  of  freshness. 
In  this  connection  reference  may  bo  made  to  an  important  fact,  which 
is  not  uufreqnently  overlooked.  Owing  to  the  fact  that  decom[)ositioQ 
has  but  slightly  affected  the  rocks,  only  a  scant  growth  of  vegetation 
can  subsist.  From  this  circumstance  the  inference  is  usually  drawn 
that  the  lava  assumed  rigidity  but  a  comparatively  short  time  ago.  On 
the  other  hand,  a  rich  growth  of  plants  is  regarded  as  an  argument  for 
greater  age.  It  remains  to  be  remembered,  however,  that  if  once  grow- 
ing vegetation  can  gain  a  hold  in  the  soil,  disintegration  and  decompo- 
sition of  the  rock  will  progress  at  a  far  more  rapid  ratio  than  before.  It 
is  the  formation  and  retention  of  the  first  soil  that  requires  a  long  period 
of  time,  hence  exposures  that  look  very  "  fresh ''  are  not  necessarily  of 
relatively  recent  date. 

Besides  the  two  mountains  above  mentioned,  there  are  several  other 
prominent  points  that  I  regard  as  owing  their  existence  to  the  fact  of 
being  points  of  eruption.  No  definite  arrangement  can  be  made  out  in 
their  horizontal  distribution.  It  may  be  said,  however,  that  they  occur 
at  such  points  or  along  such  lines,  where  the  underlying  trachorheites 
probably  ofl'ored  the  least  resistance  to  vertically-acting  forces. 

As  the  main  characteristic  of  this  very  large  area,  we  may  regard  the 
surprising  uniformity  shown  by  the  basalt,  except  at  the  points  of  ejec- 
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tion.  Evidently  large  masses  of  tbe  lava  were  poarcd  ont  at  once,  to 
be  followed  by  similar  eraptions  at  later  periods.  Those  ejections  that 
have  built  up,  the  mountains  were  very  limited  in  quantity  as  com- 
I)ared  to  the  others,  and  owe  to  this  fact,  probably,  their  inability  to 
cover  any  considerable  area.  The  entire  region  is  one  of  great  interest^ 
showing,  as  it  does,  the  relations  between  previous  and  basaltic  volcanic 
periods,  besides  illustrating  the  magnitude  of  the  scale  upon  which  such 
eruptions  took  place. 

Uneampahgre  Mountains, — Basalt  occurs  in  the  Uncompahgre  Mount- 
ains at  considerable  elevations.  It  was  found  on  several  high  plateaus. 
Upon  one  of  them  several  stations  were  located,*  and  from  there  former 
connections  could  be  traced  that  indicate  a  rather  extensive  basaltic 
area.  The  basalt  is  poured  out  over  the  older  trachorheitcs,  and  occu- 
pies a  perfectly  conformixble  position.  An  absolute  elevation  of  over 
12,000  feet  can  be  observed  on  the  summit  of  such  plateaus.  Another 
one  is  found  near  the  junction  of  Lost  Trail  Creek  and  the  Eio  Grande. 
Several  of  the  high  peaks  show  caps  of  basalt.  From  the  detached 
fragments  that  we  now  observe,  and  their  relative  position,  we  can  infer 
that  at  one  time  the  larger  portion  of  all  of  them  were  at  one  time  con- 
nected. So  far  as  observed  the  lithological  character  of  the  basalts 
there  is  perfectly  uniform,  which  argues  tor  former  connection. 

In  speaking  of  rhyolite  a  locality  was  mentioned  not  far  from  Un- 
compahgre Peaks  where  basalt  was  found  under  the  former.  This  I  re- 
gard as  one  of  the  points  of  eruption,  if  not  the  only  one.  It  is  the  only 
place  where  basalt  is  found  at  a  low  elevation.  As  a  rule  the  thickness 
for  the  basalt  of  this  region  may  be  stated  as  600  to  800  feet. 

Grand  Mesa, — ^Northwest  of  the  localities  just  described  we  find  an- 
other extensive  basaltic  area.t  South  of  the  junction  of  the  Gunnison 
and  the  Grand  a  high  prominent  mesa  is  formed  by  Tertiary  beds.  A 
layer  of  basalt  caps  it  throughout  its  entire  extent,  affording  protection 
to  the  easily-eroded  underlying  strata.  Dr.  Peale  has  described  this 
region.  He  gives  the  thickness  of  the  basalt  as  about  250  feet,  but 
expresses  the  opinion  that  this  does  not  represent  its  original  vertical 
extent.  It  is  probable  that  erosion  has  removed  a  large  portion  of  the 
basalt^,  and  that  we  now  have  before  us  but  the  remnants  of  areas  that 
at  one  time  must  have  been  very  extensive. 

On  Eagle  River  and  a  portion  of  its  drainage  basaltic  areas  occur 
that  at  one  time  were  probably  connected.  In  South  Park,  and  associ- 
ated with  the  trachorheites  of  the  Front  Eange,  we  find  basalt  expos- 
ures that  must  be  referred  to  massive  eruptions. 

So  far  as  observed,  all  of  these  bear  the  same  relations  to  either  sedi- 
mentary or  older  volcanic  rocks.  With  these  latter  they  are  generally 
conformable  when  found  in  contact.  Although  so  distinctly  offset  iu 
almost  every  respect  from  other  eruptives,  the  basaltoid  group  undoubt- 
edly has  been  governed  by  the  same  laws  that  have  determined  the 
points  or  lines  of  eruption  for  other  volcanics.  They  occur  in  the  same 
manner,  though  evidently  of  later  date,  they  show  the  same  methods  of 
protrusion,  and  they  are  analogous,  iu  the  results  produced,  to  the  less 
prominent  members  of  preceding  groups.  From  their  scheme  of  hori- 
zontal and  vertical  distribution,  it  may  be  inferred  that  tbe  basaltic 
lava  reached  the  surface  in  a  very  high  state  of  viscidity.  This  cannot 
always  be  said  of  tbe  older  volcanics.  Taking  advantage  of  the  con- 
figuration of  the  country  at  the  time  of  ejection,  tbe  basalt  has  found 
its  way  in  the  largest  quantities  to  tbe  points  most  readily  accessible. 

•  Rep.  U.  8.  Geol.  Surv.,  1874,  p.  202.  t  Rep.  U.  S.  Geol.  Sarv.,  1874,  p.  174. 
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IL— ANARnACnC. 

Two  regions,  mainly,  may  be  diBtiDgnishcd  where  aDarhaotic  erap- 
tioDS  of  basalt  occar.  Of  these  the  first  is  in  Northern  Colorado,  north 
of  White  Eiver.  Numerous  dikes  of  basalt  there  traverse  GretaceoiiH 
and  Tertiary  strata.  They  frequently  extend  in  straight  linea  for  a 
number  of  miles.  Analogous  to  the  occurrences  of  porphyritic  tra- 
chyte, the  formerly  inclosed  basaltic  rock  has  l>een  exposed  by  the  abra- 
sion of  the  surrounding  sedimentary  beds.  Vertical  black  walls  now 
stand  out  prominently,  imparting  to  the  londscape  a  unique  character 
that  has  found  its  appreciation  in  some  of  the  local  names  given.  Es- 
sentially these  dikes  are  parallel  among  themselves,  often  separated  by 
considerable  intervening  spaces. 

On  the  northern  tributaries  of  the  San  Juan  River  a  large  number  of 
basaltic  dikes  occur  in  the  Tertiary  beds  of  that  region.  'Along  the  Saji 
Juan  itself  such  dikes  may  be  found.  Frequently  they  extend  for  many 
miles,  exhibiting  the  same  characteristics  above  given. 

A  marked  feature  in  connection  of  these  dikes  is  the  fact  that  no  dis- 
turbance of  the  strata  seems  to  have  accompanied  the  ejection  of  the  vol- 
canic material.  No  distortion  or  extensive  displacement  of  the  beds 
will  be  noticed.  Evidently  the  fissures  were  formed  by  the  action  of 
some  force  that  confined  itself  to  this  manifestation.  Through  the  open- 
ings produced  the  lava  protrudeil,  without  causing  any  appreciable  fur- 
ther disturbances,  llising  into  the  fissures,  and  sometimes  overflowing, 
the  lava  obeyed  the  laws  governing  its  eruption  without  any  accompa- 
nying demonstration  of  additional  force.  * 

This  characteristic  brings  the  anarbactic  into  close  relation  with  the 
massive  eruptions.  The  two  stand  as  the  representatives  of  definite 
types,  while  the  ejections  of  porphyritic  trachyte  were  preceded  and 
accompanied  by  more  violent  demonstrations.  It  is  true  that  a  certain 
amount  of  disturbance  must  have  been  coincident  with  the  opening  of 
the  fissnres ;  but  it  is  equally  true  that,  whatever  the  acting  force  was, 
it  did  not  exert  any  considerable  iufiuence  upon  the  rocks  adjoining.  It 
is  evident  that  this  feature  is  one  of  great  importance  in  discussing  the 
origin  of  eruptives  and  their  mode  of  ejection.  It  is  necessary,  there- 
fore, to  note  the  conditions  pertaining  to  tbe  surroundings  of  erupted 
masses,  as  well  as  those  relating  directly  to  the  latter. 

III. — ISOLATED. 

A  number  of  isolated  basaltic  eruptions  occur  in  Colorado.  Promi; 
nent  among  them  is  that  of  Golden  City.*  Table  Monntains  there  aro' 
composed  of  lignitic  beds  and  covered  by  basalt.  Mr.  Marvine  says 
{loc.  cit)  with  regard  thereto:  "The  source  of  this  lava  is  from  beneath 
North  Table  Mountain,  on  the  summit  of  which,  and  near  the  northwest 
corner,  the  remnants  of  a  group  of  small  volcanic  cones  may  still  be 
seen ;  weather-beaten  and  nearly  worn  away,  they  still  suflBce  to  show 
from  whence  the  lava  camo.v"  This  explains,  in  a  few  words,  both  the 
source  of  the  basalt  and  the  character  of  such  eruption.  Not  far  from 
Golden,  at  Valmout,  a  heavy  dike  of  the  same  material  maj"  be  oserved. 
Inasmuch  as  wo  may  safely  regard  isolated  eruption  as  the  results  of 
local  dikes  that  have  overtiowed,  that  of  Valmont  deserves  mention 
here. 


Kep.  U.  S.  Ueol.  Sarv.,  reprint,  18G7  to  1869,  p.  IIW,  and  Rep.  1873,  p.  129. 
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Near  Cafioo  Gitj*  two  small  basaltic  bills  occar.  Farther  soatb,  to- 
ward Pneblo,  another  may  be  noticed.  Along  the  Huerfano  Bivert  a 
number  of  them  may  be  noticed,  occarring  together  with  some  dikes 
composed  of  the  same  material.  It  is  a  nodceablefact  that  all  of  these 
last-mentioned  eruptions  have  broken  through  and  are  exposed  in  Cre- 
taceous or  lignitic  beds.  Some  form  low,  prominent  hills,  others  merely 
act  as  protecting  covers  to  the  penetrated  strata.  An  interesting  case 
of  this  kind  is  the  bluff  upon  which  a  station  was  located  near  Badito. 
Bising  rather  abruptly  from  the  surrounding  country,  the  bluff  reaches 
an  elevation  of  6,952  feet  above  sea-level.  Three  prominent  cones  of 
basalt,  standing  in  a  line  on  the  summit  of  the  bluft*,  denote  the  original 
points  of  outflow.  Sharply  defined,  they  are  distinguishable  from  a  long 
distance,  and  before  being  visited  their  appearance  awakened  the  ho|>e  of 
seeing  small,  well-defined  craters.  Although  the  basaltic  eruptions  have 
been  productive  of  forms  resembling  crater-cones  more  closely  than  any 
of  the  other  eruptives,  not  one  occurrence  has  been  observed  in  Golo« 
rado  that  could  directly  be  compared  to  the  cone  and  crater  of  an  active 
or  typical  volcano.  This  fact  has  been  recognized  some  time  since,  and 
DO  exception  to  this  rule  has  been  discovered  as  yet.  Instances  do 
occur  which  a  lively  imagination  could  transform  into  a  crater-cone,  but 
upon  examination  they  prove  not  to  be  such. 

•  Bep.  U.  8.  Gteol.  Sorv.,  1873,  p.  33L  tBep.  U.  S.  GeoL  Buiy.,  1875,  p.  131* 
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AGE,  COMPAEISON,  AND  OBIGIN  OP  EEUPTIVBS, 

AGE  OF  THE  EBXTPnVES  OF  OOLOBADO. 

Taking  a  general  view  of  the  sabject,  it  is  a  comparatively  easy  mat- 
ter  to  arrive  at  conclusions  regarding  tbe  age  of  ernptives  in  Colorado. 
The  more  narrowly  we  attempt  to  draw  the  lines,  however,  the  less  ma- 
terial for  accnrate  definition  do  we  find.  Thongh  it  is  not  diiflcnlt  tc 
assign  to  ernptives  a  period  embracing  the  same  amount  of  time  that 
is  allotted  to  some  particular  formation,  it  is  less  easy  to  state  within 
precisely  what  portion  of  the  period  the  greatest  eruptive  activity  fell. 

Arranging  the  plutonic  ernptives  chronologically,  we  have — 

IHorit€j  oldest 
JSuphoiide, 
Porphyry. 
Oranite.    , 
Protoginyte. 
Oranite,  • 

Granite  is  mentioned  twice,  as  we  find  two  distinct  granite  gronps  in 
Colorado. 

With  reference  to  diorite,  enphotide,  and  porphyry  we  may  say  that. 
essentially,  they  stand  in  no  direct  relation  with  sedimentary  forma 
tioDs.  In  the  case  of  porphyry  we  have  one  instance  in  the  Sangrc 
de  Cristo  Mountains,  where  it  has  broken  through  Carboniferous  strata 
With  this  exception  we  may  consider  these  rocks  as  pertaining  more 
particularly  to  the  metamorphic  series.  We  find  dikes  and  large  erup* 
tions  of  them  within  the  metamorphic  areas.  Fortunately  they  ar€ 
usually  so  placed  that  do  mistake  can  be  made  as  to  their  identity,  which 
otherwise  might  become  a  matter  of  serious  difficulty.  It  may  be  stated 
that  grauites,  probably  of  plutonic  eruptive  character,  are  associated  at 
times  with  euphotides. 

It  seems  very  difficult  to  assign  any  definite  age  to  the  rocks  of  these 
groups.  So  far  as  can  be  determined  from  association  with  sedimentary 
groups,  their  age  may  be  regarded  as  Post-Carboniferous.  All  evidence 
in  Colorado  points  to  the  tact  that  only  unimportant  stratigraphical 
changes  took  place  before  tbe  close  of  the  Carboniferous  or  even  Tri- 
assic  period.  From  tliis  it  may  be  inferred  that  the  auarhactic  and 
other  ernptives,  that  we  must  regard  as  the  oldest  in  Colorado,  were 
synchronous  with  the  first  main  disturbances.  In  view  of  these  facts 
we  can,  perhaps,  most  correctly  state  that  they  must  be  considered  as 
Post-Carboniferous  and  Pre-Cretaceous. 

The  older  granites  and  protoginytes  occupy  prominent  positions,  and 
from  their  associations  afford  some  indications  as  to  their  absolute  age. 
We  have  observed  that  mainly  Carboniferous  and  older  beds  were  af 
fected  by  the  upheaval  of  the  northern  Sangre  de  Cristo  Kange.  Evi- 
dently the  rise  then  effected  was  sufficiently  great  to  exclude  the  trans 
mission  of  Cretaceous  waters  directly  westward.  A  possibility  presents 
itself  that  at  the  period  of  Cretaceous  invasion  the  more  easterly  por- 
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tioDS,  now  covered  by  beds  of  that  formatioD,  were  too  low  to  admit  of 
greater  extension  of  the  waters.  In  this  case  the  snbseqaent  rise  of  the 
entire  region  elevated  snch  strata  to  their  present  position.  We  have, 
however,  in  the  Sangre  de  Gristo  Bange  tangible  evidence  in  the  severe 
disturbances  to  which  theOarboniferons  beds  have  been  subjected.  Ev- 
idence is  adduced  from  various  points  there  observed,  that  the  up- 
heaval of  the  granite  was  in  the  most  intimate  connection  with  tho 
dislocation  of  Carboniferous  strata.  From  the  nature  of  these  disloca- 
tions it  must  be  inferred  that  the  strata  had  already  assumed  a  rigid 
stability.  It  can  be  siiid,  therefore,  that  the  eruption  of  members  of  this 
group  must  have  been  subsequent  to  the  last  deposition  of  Garl>pnifer- 
ous  beds. 

More  applicable  results  can  be  obtained  from  the  study  of  the  younger 
eruptive  granites.  Throughout  the  Elk  Mountains,  where  they  mainly 
occur,  their  associations  with  sedimentary  beds  are  thoroughly  constant. 
They  have  there  been  sufficiently  well  studied  to  arrive  at  satisfactory 
conclusions  regarding  the  period  of  time  when  the  granitic  masses  were 
erupted.  In  previous  pages  the  contortion,  plication,  and  upturning  of 
Cretaceous  strata  in  and  near  the  Elk  Mountains  have  been  alluded  to. 
We  have,  therefore,  in  this  instance,  phenomena  whereby  to  measure  the 
time  of  eruption.  This  falls,  as  nearly  as  can  be  determined,  after  the 
end  of  the  Cretaceous  period,  reaching  a  time  either  in  the  Tertiary  or 
after  the  close  of  the  Cretaceous  formation.  Such  is  the  accepted  view  of 
those  who  have  studied  the  groups  most  carefully.  There  seems  to  be 
some  connection,  not  only  as  to  time,  but  also  in  composition  and  certain 
modes  of  appearance,  between  this  series  of  granites  and  the  next  group, 
the  trachorheites.  Certain  connections  can  be  traced,  in  a  number  of 
points  between  these  two  classes  that  bring  them  very  closely  together 
as  regards  genesis.  Different  conditions  of  cooling  may  produce  such 
results  that  necessarily  the  rocks  must  at  present  be  separated,  although 
their  former  relations  may  be  very  apparent. 

Of  greater  variety  are  the  volcanic  eruptive  rocks  of  Colorado,  an 
enumeration  of  which  will  give  the  following  result,  beginning  with  the 
oldest : 

(  Andesite, 
Trachorheites:  <  Trcuihyte. 

(  Rhyolite. 

Porphyritic  trachyte. 

Dolerite. 

Basalt. 

This  series  can  appropriately  be  divided  into  three  groups.  Of  these 
the  first — trachorheites — is  the  most  extensive.  In  discussing  this  im- 
XK>rtant  group  tho  direct  relations  to  sedimentary  strata  have  been 
given.  On. the  eastern  side  of  the  trachorheitic  area  no  favorable  out- 
crops were  observed.  Along  the  western  and  southwestern  edges,  how- 
ever, satisfactory  evidence  was  obtaiueJ.  We  there  find  the  tracho- 
rheites resting  upon  Middle  Cretaceous  shales.  These  latter  have  been 
removed  from  their  original  places  of  deposition,  and  the  volcanic  layers 
have  been  spread  out  over  them.  This  assigns  to  the  entire  series  an 
age  falling  near  the  close  of  the  Cretaceous  epoch.  Isolated  occurrences 
show  rocks  belonging  to  this  group  superincumbent  upon  Post-Creta- 
ceous lignitic  beds.  Such  relations  decrease  the  age  of  trachorheites, 
bringing  them  essentially  within  the  scope  of  the  Tertiary  period.  This, 
too,  is  the  accepted  age  for  the  analogous  rocks  of  other  countries. 

So  far  as  can  l>e  determined  the  various  members  of  the  trachorheitio 
series  form  one  continuous  chronological  succession.    We  can,  thereforci 
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accept  tbe  geological  age  above  given  for  the  entire  gronp.  Inasmoch 
as  the  ejection  of  the  entire  mass  must  have  occupied  a  very  long  period 
of  time,  it  is  eminently  probable  that  it  commenced  within — ^for  in- 
stance— the  Gretaceons  nnd  ended  daring  the  Tertiary  period.  We  can 
safely  place  the  age  at  that  period,  therefore,  synchronous  with  which 
we  observe  the  most  recent  volcanic  efifects. 

Undoubtedly  we  must  exercise  considerable  latitude  for  the  chrono- 
logical limits  within  which  to  confine  any  period  of  volcanic  activity.  It 
is  evident  that  while  the  eruptions  were  going  on,  there  was  a  continued 
deposition  of  sediment,  which,  by  its  organic  remains,  may  now  be  re- 
ferred to  either  one  or  the  other  conventional  formation.  We  cannot, 
therefore,  say  definitely  at  which  time  the  volcanic  activity  commenced, 
and  we  can  only  say  approximately  when  it  ceased. 

The  second  group,  that  of  the  porphyrltic  trachytes,  has  been  dis- 
cnssed  at  some  lengtn  above,  and  its  age  has  been  regarded  as  having 
the  same  most  recent  limits  as  the  trachorheites. 

Tbe  youngest  group,  that  of  the  basaltoids,  is  one  that  forcibly  re- 
minds the  observer  of  lavas  of  the  present  day.  From  all  the  associa- 
tions, of  both  dolerite  and  basalt,  their  absolute  age  can  unequivocally 
be  placed  within  the  Tertiary  epoch.  Within  the  large  areas  less  can  be 
learned,  as  a  rule,  but  the  anarhactic  and  some  of  the  isolated  eruptives 
afiford  definite  information.  It  has  been  stated  in  previous  pages  that 
the  doleritic  breccia  of  Middle  Park  is  associated  with  beds  belonging 
to  the  lignitic  series,  while  a  number  of  basaltic  outcrops  were  observed 
in  Tertiary  strata  belonging  to  the  Eocene  group.  Frequently  the 
*^  fresh  "  appeiirance  of  the  basalts  has  been  remarked  upon.  Dr.  Peale 
says,*  in  speaking  of  the  basalts  occurring  near  Eagle  Eiver :  ^^The 
basaltic  rock  is  destitute  of  vegetation  and  comparatively  free  from  soil. 
It  has  the  appearance  of  having  just  been  poured  out.  The  period  dur- 
ing which  it  was  poured  out  is  probably  to  be  measured  by  hundreds  of 
years,  and  perhaps  less,  rather  than  by  longer  periods.'' 

From  our  present  knowledge  of  the  basalts  of  the  West,  we  may  say 
that  they  efi*ect  a  transition  from  the  prehistoric  to  the  eruptives  of  the 
present  day.t  Evidences  of  this  fact,  far  more  striking  than  in  Colorado, 
are  observed  in  adjacent  States  and  Territories.  In  subsequent  pages 
allusion  will  be  made  to  such  instances. 

With  reference  to  tbe  ages  of  tbeseeruptive groups,  as  compared  among 
themselves,  we  may  say  that  the  chronological  succession  is  a  well- 
established  one.  We  are  enabled,  from  the  extended  series  of  observa- 
tions that  have  been  made,  to  correlate  the  various  members  and  arrive 
at  definite  conclusions  as  to  their  proper  relative  positions.  An  excep- 
tion to  this  rale  is  made  by  the  porphyritic  trachytes.  Their  position  ia 
the  chronological  scale  has  been  discussed  previously,  and  a  mere  men- 
tion of  the  fact  may  here  suffice. 

A  classified  arrangement  of  the  Colorado  eruptives,  so  far  as  known 
and  explored  at  the  present  time,  is  here  presented.  Classification  is 
based  upon  the  principles  given  in  tbe  introduction  of  this  paper,  and 
their  grouping  is  made  with  especial  reference  to  the  results  obtained  in 
Colorado. 


Plutonic : 


BASIC  : 
Dioritp. 

Eupbotide.  }  Poat-Carhoniferous, 
Porpliyi 


utide.  >7*c 
lyry.    ) 


ACIDIC  : 


lito.  > 


Granito.  >  Post-Crctaccous. 


•  Rep.  U.  S.  Geol.  Surv  ,  1374,  p.  172. 
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Volcanic : 
basic:  Acmic: 

"Andcaite. 


Trachorheites  : 


Trachyte. 

Trachyte  No.  1. 


Po0<-CMaceoM. 


Trachyte  No.  2. 
Trachyte  No.  3. 
Trachyte  No.  4. 
.Rhyolite. 
Porphyritio  trachyte  Tertiaxyf 
Symmorphio  trachyte. 

g^J*^  I  Tertiary  amd  Po%UTerHafy. 

COMPARISON  OF  EUUPTIVES  OP  COLOEADO  WITH  THOSE 

OP  OTHER  REGIONS. 

Althongh,  generally  speaking,  the  occarrences  of  eruptive  rocks  in 
Colorado  may  lay  claim  to  being  aniqne,  they  have  many  points  in  com- 
mon with  those  of  other  localities.  Any  comparison  destined  to  es- 
tablish similarity  of  the  groups  most  necessarily  fall  somewhat  short. 
This  is  due  in  part  to  the  fact  that  technical  nomenclature  upon  this 
subject  is  one  that  will  bear  very  thorough  revision  and  correction. 
Richthofeu  has  succeeded  in  establishing  definite  terms  for  certain 
groups  of  our  Western  country.  In  the  preceding  pages  the  primary 
classification  as  proposed  by  Bunsen  has  been  ui^,  and  subdivisions 
based  upon,  primarily,  genesis,  secondarily  chronological  succession  have 
been  applied.  I  am  of  the  opinion  that  a  classification  of  this  charac- 
ter is  certainly  the  most  acceptable  that  could  be  utilized  in  the  present 
instance.  Though  the  chronological  succession  is  a  method  of  separa- 
tion that  can  lay  no  direct  claim  to  being  one  of  strictly  scientific  char- 
acter, it  is  the  most  convenient  manner  of  distinguishing  certain  groups. 
Wherever  the  evidences  of  geological  age  are  so  perspicuous  as  in  Colo- 
rado, a  system  of  this  kind  will  answer  admirably  well. 

We  find,  upon  examination,  analogies  to  nearly  all  of  the  erupted  rocks 
observed  in  Colorado.  Par  more  prominent  than  in  this  State  are  the  plu- 
tonic  eruptions  of  Europe.  There  the  series  is  well  developed,  and  its 
members  enter  very  largely  into  the  geological  structure  of  various  regions. 
Diorite,  euphotides,  and  that  class  of  rocks  that  is  comprised  under  the 
general  name  of  gabbro,  build  up  high  mountains  and  even  mountain- 
systems.  In  Colorado  their  appearance  as  well  as  their  importance  is 
generally  subordinate.  Eruptive  granites,  widely  ranging  in  age,  form 
a  prominent  feature  of  study  for  European  geologists.  Not  only  have 
they  broken  through  sedimentary  beds,  but  they  have  intruded  into  the 
older  metamorphic  rocks.  Famous  among  many  cases  of  this  kind  is 
that  of  Heidelberg,*  where  a  finegrained  granite  occurs,  intrusive  in  a 
coarse-grained  one.  By  the  force  of  its  intrusion  the  latter  haa  been 
thoroughly  brecciated  and  shows  the  altering  influences  of  the  younger 
mass. 

Successively  we  find  in  Europe  granites  that  range  in  age  from  Silu^ 
Tian  to  Tertiary.  It  is  highly  probable  that  the  eruptions  of  the  Elk 
^Mountains  vary  but  little  in  geological  age  from  those  observed  in  the 
Tyrol,t  where  granite  has  penetrated  undoubted  Tertiary  strata.  It  may 
be  well  to  devote  here  a  few  words  to  a  subject  that,  in  this  connection, 
becomes  one  of  great  importance.  We  are  accustomed  to  term  that 
Tock  a  granite,  for  instance,  which  proves  to  be  a  crystalline  aggregate 

*  Cotta,  Geologittche  Bilder,  Leipzig,  1871,  p.  196. 
t  Compare  Cotta,  Geologio  der  Qegeawort. 
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of  feldspar,  quartz,  and  mica.  This  definition  is  totally  independent  of 
any  varying  form  of  genesis  or  method  of  appearance.  From  the  in- 
formation that  we  have  gained  through  the  study  of  erupted  rocks  it 
seems  eminently  probable  that  varying  results  may  be  derived  from  the 
same  original  magma  by  different  methods  of  cooling.  To  present  an 
extreme  case,  we  may  assume  that  the  same  magma  can^  in  one  instance, 
be  productive  of  the  formation  of  high  silicates  mainly,  while  if  ooolini; 
under  different  circumstances  the  silicates  may  be  lower  and  free  silica 
from  the  complement.  If  we  speak,  therefore,  of  eruptive  granite,  we 
mean  to  denote  a  rock  that  to-day  has  the  miueralogical  constitution  of 
granite,  totally  irrespective  as  to  what  its  previous  condition  may  have 
been.  What  effects  are  in  reality  produced  by  the  different  methods  of 
cooling  we  are  unable  to  say.  Certain  experiments  point  to  one  view, 
others  to  another.  It  becomes  a  matter  of  great  difficulty  to  arrive  at 
definite  conclusions  from  investigations  that  must  necessarily  be  carried 
on  on  a  small  scale,  when  we  desire  to  apply  the  knowledge  thereby 
gained  to  masses  of  enormous  proportions. 

Proceeding  to  the  remaining  eruptives  of  Colorado  we  find  that  the 
adopted  scale  is  more  completely  filled  than  by  the  preceding  groups.. 
An  important  member  of  the  series — propylit^ — has  not  been  recognized 
in  Colorado.  Bichthofen  has  found  it  well  developed  farther  west,  and 
in  Transylvania  it  plays  a  very  prominent  part.  The  propylite  of  Offen- 
banya  was  originally  named  ^'  timazite"  by  Bielz.  It  is  the  rock  contain- 
ing the  tcUuride  ores  of  Transylvania.  Cotta*  states  that  ho  re^^rds 
its  age  as  younger  than  Eocene.  His  evidence  for  this  assertion  is  de- 
rived from  the  fact  that  the  same  ore-bearing  veins  traverse  the  tima- 
zite and  Eocene  sandstones.  In  Nevada  and  adjacent  regions  the  rock 
has  been  found,  and  is  regarded  by  Bichthofenf  as  older  than  andesite. 
With  reference  to  this  latter  term  there  is  some  confusion,  unless  it  be 
limited,  as  has  most  recently  been  done.  The  name  was  originally  ap- 
plied to  all  the  volcanic  rocks  of  the  Cordilliera  system,  and  not  until  a 
short  time  ago  has  its  application  been  clearly  defined.  Andesites  occur 
in  the  volcanic  regions  near  Colorado,  occupying  a  definite  geognostic 
position.    They  are  younger  than  propylite,  older  than  the  trachytes. 

Trachyte  is  a  name  that  has  been  very  indiscriminately  applied  to  many 
light-colored  volcanic  eruptives.  Within  its  scope  have  been  placed  the 
volcauics  of  Transylvania,  of  Germany,  France,  and,  to  a  large  ex- 
tent, of  our  western  continent.  Varieties  have  been  based  upon  the  pre- 
domination of  one  or  the  other  inclosed  mineral.  Thus  oligoclase,  sani- 
dine,  and  ampbibole  trachytes  have  been  distinguished.  Although  the 
presence  or  absence  of  one  or  the  other  of  these  minerals  is  undoubtedly 
of  systematic  value  within  the  circumscribed  areas,  no  rule  can  be  es- 
tablished that  would  answer  in  all  cases. 

nauy  first  gave  this  name  to  the  volcanic  rocks  of  the  Auvergne. 
Trappporph.vry  was  adopted  for  the  same  rocks.  L.  von  Buch  gave  that 
group  of  trachytes  occurring  near  Puy-de  Dome  the  name  domite.  Beu- 
daut,  who  made  the  first  extensive  examinations  of  the  volcanic  regions 
of  Transylvania  and  Hungary,  separated  the  eruptives  into  four  groups  :J 

Tra^hyte^ 

Forphyre  irachytiqxie^ 

Ferlite^  and 

Porphyre  trachytiqxie  molaire. 


*  Treatise  on  Ore  Deposits,  Prime.    New  York,  1870,  p.  277, 

t  Mem.  Cal.  Ac.  Sci.,  18()d,  vol.  i,  part  ii. 

t  Boudant,  Voyage  Miueralogique  et  GiSobgique  eu  Hongrie,  1622,  Tom.  iii,  p.  310. 
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From  bis  descriptions  the  first  agrees  with  oar  present  trachyte,  and 
the  second  with  rhyoHte.  Perlite  is  of  subordinate  importance,  and  the 
fonrth  probably  indicates  a  variety  of  rhyolite.  Timazite  he  has  evi- 
dently incladed  in  his  trachyte. 

In  Germany  the  volcanic  rocks  of  the  Drachenfels  and  other  regions 
allied  to  it  have  passed  under  the  names  of  trachyte  and  trachyte-taffs. 
A  variety  of  trachyte  occurring  in  Silesia  has  been  named  teschenite  by 
Hohenegger.*  It  is  composed  of  amphibolite,  augite,  nephelite,  and 
triclinic  anorthite.    Its  age  is  regarded  as  being  Eocene. 

Throughout  the  Western  country  the  application  of  the  name  trachyte 
18  becoming  more  and  more  restricted.  For  the  case  that  it  may  be 
impossible  or  inexpedient  to  separate  the  most  closely  allied  rock-spe- 
cies, I  have  introduced  the  more  comprehensive  term  of  ^^  trachorheite." 

Trachyte  occurs  in  large  masses  not  only  in  Colorado,  but  also  in  other 
States  and  Territories  of  the  West.  Numerous  varieties  might  be  dis- 
tinguished by  special  names,  but  there  would  be  no  end  to  the  treasures 
of  nomenclature  were  such  separations  attempted  at  the  present  time. 
A  characteristic  of  trachyte  is  the  constitutional  change  it  may  undergo 
within  a  very  limited  space.  King  describes  an  instance  of  this  kind 
from  the  vicinity  of  the  Comstock  Lode.f    He  says,  ^^  It  is  of  the  sanidin 

variety," **  partly  a  pinkish  breccia,  very  loose  in  texture, 

and  partly  of  a  grayish,  sbaly  sandstone  mass,  which  is  unlike  any  of 

the  trachyte  forms  observed  in  the  Oreat  Basin," ^<but,  as 

it  approaches  the  main  trachyte,  becomes  more  and  more  crystalline,  and 
passes  imperceptibly  into  the  ordinary  variety,  without  any  apparent 
juDCtion  line.  Certain  specimens  cannot  be  separated  from  metamor- 
pbic  sandstones."  Such  occurrences  are  not  rare  within  the  trachyte 
areas,  and  their  explanation  may  most  properly  be  sought  in  the  differ- 
ent methods  of  cooling.  It  remains  to  be  observed  whether  the  char- 
acter of  the  rock  is  such  as  has,  in  previous  pages,  been  designated  as 
sjmmorpbic. 

It  has  been  an  impossibility  for  me  to  find  any  definite  analogy  for 
w^bat  I  distinguish  as  trachyte  Ko.  4.  Its  similarity  to  timazite,  both 
as  a  rock  and  in  its  associations,  has  been  pointed  out,  but  its  geolog- 
ical position  precludes  the  assumption  of  any  identity. 

Important  as  a  portion  of  the  entire  series  are  the  inclosures  of  the 
trachyte.  No  applicable  rule  governing  their  distribution  can  be  given. 
In  Colorado  and  elsewhere  obsidian,  pumice,  and  pitch-scone  are  charac- 
teristic of  the  trachyte  group.  Occurring  in  nodules  or  bands,  they 
impart  a  peculiar  habitat  to  the  rocks  containing  them.  Varying  in 
composition  from  their  immediate  surroundings,  they  vary  also  in  struct- 
ure. Allusion  has  above  been  made  to^he  concentric  structure  of  a 
dike  of  obsidian  observed  in  18734  ^^  analogous  case  occurs  in  Bo* 
hernia,  near  Teplitz,§  where  porphyry  shows  concentric  arrangement, 
and  weathers  so  as  to  simulate  a  half-opened  rose.  Whitney  has  ob- 
served similar  conditions  near  Old  Carson  Pass.||  There  basaltic  lava 
lias  been  poured  out  over  metamorpbic  granite.  Through  the  action  of 
beat,  and  probably  pressure,  the  latter  ^*  has  a  concentric  structure  de- 
Teloped  in  it." 

Porphyritic  trachyte  is  a  term  which  has  first  been  applied  by  Mr.  Mar- 
vine  to  a  definite  type  of  eiuptives  in  Colorado.     In  speaking  of  Park 

*  F.  Koenier,  Geologic  von  Ober.-chlesieD.    BroslaQi  1870,  p.  '363, 

iGeolofr.  Exp].  40tb  Parallel,  vol.  iii,  1870,  p.  36. 

t  Kep.  U.  8.  Oeol.  Sarv.,  1873,  p.  345. 

(  Cotta,  Geologiscbe  Bilder.    Leipzig,  1871,  p.  187. 

I  Geol.  Snrv.  CaL,  1865,  yol.  i,  p.  447. 
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View  Mountain/  he  applies  that  name  to  the  rocks  composing  a  nam- 
ber  of  dikes.  Since  that  time  it  has  been  used  when  speaking  of  that 
peculiar  type  of  ernptives  whose  existence  was  first  demonstrated  ia 
Colorado.  The  term  is  by  no  means  a  new  one,  but  the  ^^  porpbyritic 
trachyte"  of  former  geologists  has  been  superseded  by  liparite.f  This 
name,  therefore,  may.be  applied  to  the  group  under  consideration,  and, 
inasmuch  as  it  is  inverted  from  the  usual  trachyte-porphyry,  may  be 
claimed  as  a  good,  specific  term. 

In  Europe  no  erupted  mountains  have  been  found,  so  far  as  I  am 
aware,  analogous  to  those  formed  by  the  group  of  porphyritic  trachytes 
in  our  own  country.  They  have  been  studied  very  carefully  and  sac- 
cessfully  iu  Colorado  by  various  members  of  the  United  States  Geolog- 
ical and  Geographical  Survey.  Since  1873  their  structure  and  import- 
ance iu  the  geological  history  of  the  regions  has  been  recognized.  As 
the  survey  progressed,  one  mOuntaiu-group  after  the  other  was  visited, 
until  to-day  we  are  enabled  to  present  a  thorough  analysis  of  distribu- 
tion and  structure.  There  is  scarcely  any  one  group  within  the  limits 
of  Colorado  that  affords  so  inviting  and  remunerative  a  subject  of  study. 
It  has  been  found  that  the  same  class  of  mountains — referable  to  this 
group — that  occurs  iu  Colorado  extends  west  and  south.  The  Sierra  La 
Sal  and  Sierra  Ab^o  in  Utah  and  the  Sierra  Carriso  in  Arizona  furnish 
evidence  of  this.  Mr.  Gilbert  has  studied,  within  the  past  few  years, 
the  nenry  Mountains.  From  his  brief  accountt  it  appears  that  tbe 
occurrences  there  arc  in  strict  conformity  with  those  we  have  observed 
in  Colorado.    Ho  says :  *^  The  strata  arch  over  the  crest  in  a  complete 

dome"; "the  top  of  the  dome  has  cracked  open,  and  tapering 

fissures  have  run  out  to  the  flank,  and  they  have  been  filled  with  molten 
rock,  which  has  congealed  and  formed  dikes." *^So  the  mount- 
ain (Mount  Ellsworth)  is  a  dome  or  bubble  of  sedimentary  rocks  with  an 
eruptive  core,  with  a  system  of  radial  dikes,  and  with  a  system  of  dikes 
interlaced  with  the  strata.  It  is  a  mouutaiu  of  uplifted  strata,  distended 
and  permeated  by  eruptive  rock." 

P^roin  a  description  of  the  Chisos  Mountains,  given  by  C.  C.  Parry,§ 
it  maybe  inferred  that  they  belong  to  the  same  class  of  eruptives. 
Wherever  they  have  been  observed  their  character  is  so  definite  that, 
once  recognized,  they  can  never  be  mistaken  for  any  others.  No  doubt 
eubsequent  explorations  of  New  Mexico,  Arizona,  and  Utah  will  develop 
the  fact  that  the  horizontal  distribution  of  this  interesting  group  is  not 
so  circumscribed  as  it  now  appears  to  be. 

Khyolite  is  the  remaining  member  of  this  class  of  rocks.  Among  all 
of  tliem  this  one  has,  perhaps,  movst  frequently  been  the  recipient  of 
misappellations.  Its  mineralo^ical  constitution  brings  it  into  close  con- 
nection with  the  older  porphyries.  What  has  been  described  as  quartz- 
porphyr  from  Transylvania  is  mostly  rhyolite.  Beudant  has  termed  it 
porhyre  trachytique.  Dacite  is  another  name  applied  to  the  Hungarian 
occurrences.  Khyolite  is  the  name  proposed  by  Richthofen  ;  nevadite 
is  one  of  his  rhyolitic  varieties.  Although  sufficiently  well  represented  in 
Colorado,  it  finds  its  greatest  development  farther  west  and  south.  Re- 
garding its  age  there  is  no  serious  disagreement  in  the  observations 
made.  It  is  younger  than  trachyte,  older  than  basalt.  The  case  pro- 
duced by  Mr.  Marviue,  wliere,  at  Truxton  Springs,  Arizona,  bas;dt  was 

*  Kep.  U.  S.  Gfoi.  Siirv.,  IHl'.l,  p.  174.  T" 

t  C'i)m])ure  Cotta,  Geologic  dor  (Jc;jfeiiwart.     Leipzig,  1872,  p.  54. 
t  Ht'p.  on  Geol.  of  tbo  eastt-rn  portion  of  the  Uintu  MountainH,  by  J.  W.  Powell,  1876, 
p.  20. 

^  Kep.  ir.  S.  and  Mcx.  Bound.  Surv.,  W.  II.  Emory,  1857,  vol.  i,  part  ii,  p.  56. 
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foQDd  overlying  rhyolite,  is  one  tbat  certainly  inviteB  attention,  but 
cannot  serioasly  affect  the  position  which  is  generally  assigned  to  rhy- 
olite. 

This  rock  presents  many  varieties.  At  times  it  resembles  a  typical 
porphyry,  showing  a  solid  paste  with  nnmerons  crystals  imbedded 
therein,  and  again  it  will  assnme  the  form  of  a  crystalline  aggregate. 
Whitney*  cites  an  instance  of  this  kind.  Near  I^Eissen's  Peak  there  is  an 
occnrrence  of  nevadite.  <'It  has  a  resemblance  to  granite,  so  that,  at 
a  distance  and  without  close  examination,  it  would  be  taken  for  that 
rock.'' 

An  important  feature  of  rhyolite  was  discovered  by  Dr.  Loew.t  He 
found  that  nearly  all  the  rhyolites  he  examined  contained  either  traces 
or  small  qnantities  of  nickel  and  cobalt.  He  determined  it  as  being  in 
the  form  of  oxide.  The  largest  quantities  he  obtained  were  out  of  speci- 
mens from 

Gila  River.  Sierra  Caliaro. 

Nickel  oxide )  ^v  /.«  ^^^  ^^^4.     i  trace. 

CJobaltoxide ]  0.03  percent.   {  0.02  per  cent. 

Usually  it  is  found  only  in  traces,  however.  This  fact  established  a 
carious  connection  between  the  rhyolites  and  meteorites.  Nickel  and 
cobalt  may  be  classed  among  the  metals  of  comparatively  rare  occur- 
rence. J.  Lawrence  Smith  states^  that  he  has  made  over  one  hundred 
different  analyses  of  meteoric  iron,  and  never  failed  to  find  cobalt  It 
is  evident  that  in  the  ordinary  course  of  a  rock-analysis  both  cobalt  and 
nickel  would  most  likely  be  lost,  so  that  we  may  safely  infer  that  the 
rhyolites  examined  by  Dr.  Loew  were  not  exceptional  cases,  but  may 
rather  be  regarded  as  expressing  a  usual  ingredient. 

One  of  the  most  widely -distributed  volcanic  rocks  is  basalt.  Fre- 
qnently  we  flnddolerite  associated  with  diabase.  This  latter  is  of  very 
little  importance  in  Colorado.  Both  south  and  west,  however,  it  has 
been  found.  Mr.  Gilbert  mentions  a  sanidin-dolerite  from  the  San  Fran- 
cisco Mountains,  which  evidently  occurs  in  considerable  quantities. 

All  the  world  over  rocks  have  been  found  that  are  referred  to  basalt. 
A  number  of  varieties  have  been  distinguished,  dependent  mostly  upon 
the  presence  or  absence  of  some  characteristic  mineral.  In  the  most 
ancient  times  basalt  was  evidently  mistaken  for  the  highly-prized  lydite 
or  basanite.  According  to  Oaenstedt,§  the  present  name  is  the  result 
of  an  error  committed  by  a  copyist  during  the  fifteenth  or  sixteenth 
century.  The  transition  from  basanites  to  basaltites,  the  old  name,  is 
not  a  difficult  one. 

In  every  respect  is  the  position  and  character  of  basalt  so  thoroughly 
recognized  that  no  reference  need  be  made  thereto.  We  have  seen  thai 
in  Colorado  large  areas  are  covered  by  it,  and  we  know  of  its  existence 
almost  throughout  the  entire  Western  country.  Its  age,  so  far  as  Col- 
orado is  concerned,  is  readily  established.  In  other  regions,  however, 
basalt  sometimes  bears  totally  different  relations  to  surrounding  sedi- 
menUiry  beds.  Geike||  claims  that  the  melaphyrs  in  Scotland  are  of 
Carboniferous  age.  The  basaltic  dikes  in  the  granite  of  the  Sweetwater 
region  fl  are  evidently  not  of  Tertiary  age,  but  older.    Other  instances 

•  Geol.  Su-v.  Calif.,  1865,  vol.  i,  p.  315. 
'tExpl.  and  Snrv.  weut  lOOch  Mer.,  1H75,  vol.  iii,  p.  646. 
t  Am.  Joor  Sci.  and  Arts,  li^70,  No.  cxlvii,  p.  331. 
^  Compare  Oueostedt,  Uandbnoh  der  Mineralogie. 
H  Geolog.  MaKazine,  London,  1870,  p.  136. 
H  Compare  Rep.  U.  S.  GtoI.Surv.,  1870. 
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migbt  bo  cited,  simply  showiajr  that  the  conditioDS  necessary  for  the 
foriuatioD  of  that  prodact  which  we  call  basalt  existed  long  before  the 
advent  of  the  Tertiary  e|Kxrb. 

For  Colorado  we  can  accept,  as  a  rale,  a  Tertiary  age  for  basalt. 
Several  exceptions  seem  to  occar,  however.  We  have  in  basalt  the  vol- 
canic eruptive  which  connects  the  prehistoric  eruptions  of  oar  continent 
with  those  of  the  present  day.  In  previous  pages  reference  has  been 
made  to  a  statement  by  Dr.  Peale,  suggesting  that  the  time  of  the  erup- 
tions might  rather  be  measured  by  several  handre«l  years'than  by  long 
l)eriods  of  time.  AH  geologists  who  have  explored  the  Western  States 
and  Territories  speak  of  the  remarkably  fresh  appearance  of  a  large 
quantity  of  the  ejected  material.  In  speaking  of  Utah  volcanics  Dr. 
Engelmann*  says:  *^Tbe  mineralogical  character  of  the  rocks  seems  to 
indicate  that  their  formation  began  prior  to  the  Tertiary  period  and 
continued  to  the  present  era.**  Mr.  Gilbert  gives  a  description  of  some 
very  '*  fresh  "  specimens  of  lava  and  seoria  from  the  Lower  Sevier  Valley 
in  Utah.t 

In  yew  Mexico  a  number  of  localities  occur  where  the  lava  is  simi- 
larly fresh.  Dr.  Xewberry  in  discussing  Mount  Taylor}  says:  ''The 
lava-streams  of  its  latest  eruptions  present  precisely  the  same  appear- 
ance as  those  of  Vesuvius  when  but  just  cooled.""  His  examinations  of 
the  San  Francisco  Mountains  revealed  to  him  the  same  state  of  affairs. 
If  |)ossible  the  condition  here  is  even  more  striking.  Newberry  states: § 
*'Some  of  the  currents  of  lava  which  have  flowed  down  the  sides  of  the 
San  Francisco  Mountains  l>elong  so  entirely  to  the  present  epoch  that 
they  have  dis|>ossessed  still  running  streams  from  their  beds,  and  new 
occupy  their  i>laces  in  a  congealed  flood  which  seems  but  just  arrested 
in  its  flow." 

As  we  advance  from  what  may  be  considered  as  interior  land  toward 
the  Pacifle  Ocean,  or,  with  other  wonls,  as  we  leave  the  Kocky  Mount- 
tains  ami  reach  the  coast-ranges,  we  flud  still  more  positive  evidence  ot 
the  recency  ot  volcauic  eruj>tious.  Coincident  with  ibe  increasing  qnan- 
tiiy  01  poiuts  of  eruption  and  with  the  younger  age,  we  find  that  the 
characteristic  of  *' massive  "*  eruption  is  graihuiUy  disappearing,  and 
'•  volcanic  "  eruptions  take  their  place.  This  necessarily  results  in  the 
formation  of  crater-cones.  Mr.  G«lliert  ;  has  found  three  perfectly  dis- 
tinct craters  at  Ice  Spring,  near  Fillmore,  in  Utah.'; 

Among  the  mountains  of  Washington  Territory  and  Oregon,  as  well 
as  in  Caiitornia,  we  hud  more  than  one  still  showing  signs  of  volcanic 
action.  Prominent  among  these  is  Mount  Shasta.  Protessor  Whitnev 
finds**  near  the  summit  of  this  peak  ••  the  remains  of  the  edge  of  the 
crater,"  whiTC  "there  are  several  oiidees  from  which  steam  and  sul- 
phurous gases  are  constantly  escaping,  and  around  which  is  a  con- 
siderable ile{>osit  of  sulphur,  some  of  it  being  hand>omely  crystallized." 
It  may.  in  truth,  be  called  a  small  solfatara.  Similar  conditions  occur 
near  Mono  Lake,  about  which  Whitney  says:*f  "To  the  north  lies  a 
group  of  islets;"  ....  "there  is  every  indication  that  the  volcanic 
action  has  ceased  at  a  very  recent  period,  or.  rather,  that  it  has  not  yet 
fully  died  out."    ....    "This  |>ortion  of  the  island  is  of  hard,  black 

•Kep.  Kxpl.  ;Kru9.<  iLe  Or<rai  Bi.sin.  by  Capt.  J.  H.  Simpsoa.  in  l?oJ.  Wash.,  I*7o. 

*Expl.  a::«!  Siirv.  west  l''Orh  Mer..  !??,'•.  vol.  iii.  p.  i»C<'. 

:  Rep.  Ex  pi.  Kxp..  1?.T0.  J.  y.  Macoaib.  l"-7«\  p.  tU. 

i  Rrp.  upori  thvV'i'.or.ulii  Rwkt  ol*th«*  We>r.  J.  C.  Ives.  Irol.  p.irt  iii.  p.  66. 

I  Expl.  and  S:rv.  \Ve?t  l'.'.:h  Mer.  l?7.'».  vol.  iii.  p.  Kir. 

^  Compan*:  Prv.  Xm.  Ass.  Ailv.  ^ci.,  Hertford.  1?74.  p.  29. 

••  Gwl.  Surv.  Calif.,  vo!.  i.  l?o5.  p.  340. 

ttlbid.,  p.  403. 
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basalt,  with  8ome  scoriae  and  ciDders."  ....  <<  The  steam  and  hot  prases 
escape  from  hundreds  of  vents,  and  often  with  considerable  noise." 

Another  very  prominent  mountain  of  the  northwestern  corner  of  the 
United  States  has  been  found  to  show  similar  conditions.  An  ascent  of 
Mount  Rainier,  which  is  nearly  14,500  feet  above  sea-level,  was  accom- 
plished by  A.  D.  Wilson  and  S.  F.  Emmons  in  1870.  In  a  paper  read 
by  Mr.  Emmons,  in  February,  1877,  he  describes  the  ascent.*  It  was 
found  that  the  summit  of  this  peak  was  formed  by  an  ancient  crater- 
rim,  and  that  on  the  interior  rim  there  were  numerous  hot  jets  of  steam 
issuing  from  under  the  snow. 

Many  other  instances  of  this  kind  might  be  mentioned,  but  these  will 
suffice  to  show  the  almost  imperceptible  connection  between  the  rigid 
basalts  and  others,  indicating  dormant  volcanic  activity.  These  latter 
are  gradually  dying  out,  and  within,  perhaps,  a  few  centuries  no  hot 
jets  or  gases  will  any  longer  mark  the  spots  where  now  we  find  the  last 
lingering  remnants  of  a  former  volcanic  activity. 

.Following  northward,  parallel  with  the  extensions  of  the  coast-ranges, 
nob  within  the  Bocky  Mountains,  we  reach  still  active  volcanoes.  In  the 
Alaskan  Bange  a  number  of  them  are  located.f 

It  is  almost  an  impossibility  to  draw  the  line  between  what  might 
properly  be  termed  basalt,  and  what  must  be  regarded  as  still  partly 
active  volcanic  material.  I  am  not  prepared  to  restrict  the  occurrence 
of  basalt  to  a  period  not  prior  to  the  Tertiary,  and  have  no  objection  to 
leave  the  younger  line  of  boundary  equally  ample.  Cotta  contends  (  that 
no  bowlders  of  true  basalt  or  trachyte  have  ever  been  found  in  Europe 
in  Pre-Tertiary  conglomeritic  deposits.  This  would  argue  an  inference 
directly  in  opposition  to  the  view  of  Oieko,  which  has  been  given  above. 
From  the  observations  made  on  the  Sweetwater  Biver,  in  Wyoming,  I 
cannot  arrive  at  any  other  conclusion  than  that  basalt  existed  as  such 
before  the  advent  of  the  Tertiary  period. 

In  connection  with  the  basalts,  I  wish  to  mention  the  occurrence  of  a 
rock  discovered  in  the  Green  River  Basin.  In  want  of  a  better  name,  I 
shall  apply  that  of  'Meucitophyrite."  The  leucitophyrs  of  Italy  difier 
somewhat  from  that  observed  in  the  Green  Biver  Basin.  Emmons  states  § 
that  the  rock  is  composed  of  alight  gray  to  greenish  porous  paste,  with 
some  mica.  Under  the  microscope  the  entire  rock  is  resolved  into  leu- 
cite.  With  reference  to  its  age,  Emmons  says  it  has  been  poured  out 
^^not  only  since  the  deposition  of  the  later  Tertiaries  {Oreen  River 
and  Vermillion  Creek  Orotips),  but  since  their  partial  removal  by  erosion." 
We  hav^,  therefore,  in  this  instance  a  volcanic  rock,  the  eruption  of 
which  must  have  fallen  into  a  period  of  time  during  which  a  portion  of 
the  basalts  were  ejected. 

In  order  to  present  a  synopsis  of  the  systematic  arrangement  of  the 
▼olcauic  eruptives  of  the  Western  portion  of  the  United  States,  I  have 
prepared  a  table  showing  their  relative  positions  and  giving  synonyms 
as  applied  to  the  same  rocks  in  other  countries. 

*  Bulletin  No.  3,  American  Geof^r.  Soc.  New  York,  1877. 
t  Alaska  and  its  Resoorces,  W.  H.  Dan.,  1870,  p.  286. 
I  Geolojsie  der  Gegenwarf,  Leipzig,  1872,  P*  133. 
i  U.  8.  Geo].  Expl.  40th  Parallel^  vol.  ii,  1877,  p.  236. 
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Table  sJiowing  the  clas»ifi4^tion  of  volcanic  eruptivesfor  the  Bockjf  Mount- 

aina  ana  adjacent  regions. 

KoTB.— Those  oecurring  in  Colorado  are  printed  in  small  capb,  and  the  ■jnonyms  for  other  coontriw 
In  iCoKM.    The  •xrangemeiit  begina  with  the  iddeat  group. 

TOLCAMIC  XRUPTIVlCft. 

Basic  :  Acidic  : 

Propylite. 
SyD. :  Itmonto,  HaDgsry. 
Grun$tein'tradijft  of  Gemutn  geologists. 

Andbsitb. 

Syn.:  AndmUeoi  the  CocdiUkim ^yBfeem. 
Trachyte: 

T&ACHTTE  No.  1. 

maDy. 
TRAcnTTB  No.  2,  and 
Trachyte  No.  3. 
Syo. :  Sanidiue  and  cHigoiJaBe  fradbffe. 
*DomiU  of  tbeAayergne.    Draekgt  of 
Germany.    Trapp-po^flnrr  by  Baeh. 
IVaoftytebyBeadantyOf  Hangaiy*  In- 
cloeares  of  these  trachytes  aie:  Fer- 
lite/>hsidia»,piick'itome^  aDdjMrplfHtio 
p».tck'»t(me. 
Trachyte  No.  4. 
Bhyoltte. 
SyD.:  Nevadiicat  Westero r^gloiia.  g>fs 
lite  and  dadte  of  Transylvania.    QmmiS' 
porphyr  of  older   German   geologista. 
Porpkyre  tradiffUqme  of  Hnngniyy   by 
Bendant. 
Porphyritic  trachyte. 
In  the  present  acceptation  this  baa  no 
synonym.    LipariU  ezpies^es  wbaft  for- 
merly was  termed  porphyritic  trachyte. 
Diabase. 
Syn.:    Trapp  of  Germany  and  Eastern 
States. 

DOLERITE. 

Syn.:  Trapp,  Varieties  are  termed  ii«pft  «• 

Zindo/frtfe  of  Germany,  and  aanidine-dole- 

rite  of  New  Mexico. 
Lencitopbyrite. 
Syn.:  Xenci/opAyr  of  Germany  and  France; 

leucite-rock  of  Green  River  Basin. 
Basalt. 
Syn.:   Trapp   of  Germany  and   Eastern 

States.     Varieties  of  basalt  are  mtla- 

phyrj  &c,    Inclosnres:  Olivinytej  Sec, 

OEIGIN  OF  ERUPTED  ROCKS. 

At  the  close  of  the  description  of  the  erupted  rocks  of  Colorado,  a 
brief  discussion  of  the  origiu  of  sach  material  may  here  find  its  place. 
It  is  natural  that  the  study  of  the  products  of  plutonic  and  volcaDic 
activity  will  create  in  the  mind  of  every  student  some  conception  as 
to  the  forces  to  which  such  products  owe  their  existence  and  present 
position.  It  is  equally  natural  that  every  individual  mind  may  grasp 
more  particularly  one  point  observed  that  might  have  escaped  the  at- 
tention of  others.  Thus  the  result  evidently  will  be  that  each  writer 
on  the  subject  will  show  a  personal  coloring  illustrative  of  the  predomi- 
nant direction  towards  which  his  views  incline.  It  is  not  my  intention 
to  present,  at  the  close  of  this  paper,  an  exhaustive  review  of  the  vari- 
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oas  hypotheses  and  theories  tendiDg  to  explain  the  phenomena  of  dy- 
namical geology.  An  outline  will  be  given  of  the  saggestions  thizit  have 
offered  themselves  from  the  examination  of  the  eraptive  rocks  of  Colo- 
rado. In  case  sabseqnent  investigations  may  prove  the  inductions  here 
derived  from  observation  to  be  correct  they  can  readily  be  applied  to 
other  localities. 

In  any  discussion  upon  the  probable  source  of  volcanic  activity,  we 
must  take  for  granted  the  high  temperatures  existing  within  the  interior 
of  the  earth.  These  are  universally  conceded,  and  amply  demonstrated 
by  facts.  It  is  essentially  immaterial  whether  we  assume  that  the  in- 
terior of  the  earth  is  in  a  truly  liquid  state,  or  whether  we  regard  its 
condition  as  merely  plastic.  Of  these  the  former  hypothesis  is  incon- 
sistent, however,  with  the  absence  of  internal  tides,  in  case  we  assume 
the  earth's  crust  to  be  a  thin  one  as  compared  to  its  entire  diameter. 
I^o  observations  tend  to  show  that  such  tides  exist. 

Formerly  the  central  liquid  or  plastic  state  of  the  earth's  interior  was  re- 
garded as  furnishing  the  material  for  volcanic  eruptions.  More  compre- 
bendive  observations  and  a  more  thorough  knowledge  of  the  character- 
istics of  volcanoes  have  led  to  the  abandonment  of  this  theory.  It  is  now 
assumed  and  the  assumption  is  accepted  by  most  geologists,  that  certain 
circumscribed  portions  beneath  the  earth's  surface  that  must  still  be  re- 
garded as  integral  parts  of  its  crust,  are  in  a  condition  either  approaching 
or  actually  exhibiting  liquidity.  From  such  portions  which  may  aptly 
be  designated  as  ^^  reservoirs,"  is  derived  tbe  material  ejected  during 
volcanic  eruptions.  No  means  are  at  hand  to  establish,  definitely,  any 
depth  at  which  they  should  occur.  From  phenomena  attending  vol* 
canic  eruptions,  however,  it  may  be  inferred  that  they  are  located  at 
a  depth  that  must  be  regarded  as  shallow  when  compared  with  the  en- 
tire diameter  of  the  earth.  Seismic  action  is  one  of  the  most  charac- 
teristic results  of  disturbances  of  equilibrium  occurring  within  certain 
regions  or  zones  of  the  earth's  crust.  The  prevalence  of  earthquakes 
at  any  given  locality  furnishes  a  criterion  as  to  the  relative  condition  of 
underlying  portions  of  the  crust.  Most  frequently  they  may  be  ob- 
served in  regions  that  are  the  scene  of  volcanic  activity,  but  they  ex- 
tend far  inland  from  any  present  point  of  volcanic  eruption.  A  defi- 
nite relation  may  frequently  be  traced  between  seismic  occurrences  of 
one  section  and'  eruptions  of  the  nearest  active  volcanoes.  A  rather 
striking  example  is  afforde<l  by  a  comparison  of  the  slight  earthquakes 
felt  in  Switzerland  and  the  eruptive  activity  of  Vesuvius. 

From  the  act  of  eruption  and  from  the  products  thereof  we  can  gather 
only  rather  general  views  as  to  tbe  origin  of  and  the  causes  producing 
It.  Tbe  ejection  of  lava  is  usually  accompanied  by  the  discharge  of 
watery  vapor,  of  carbonic  and  hydrochloric  acid  gases,  and  hydrogen, 
both  free  and  in  combination  with  sulphur  and  carbon.  These  elements 
or  compounds  have  not  all  entered  into  the  composition  of  the  lava  lo 
any  extent,  but  occur  independently  thereof.  Beducing  all  of  them  to 
their  original  elements,  we  find : 

Hydrogen^ 

Oxygen, 

Nitrogen, 

Chlorine, 

Carbon,  and 

SuJphur, 

Of  these,  oxygen,  carbon,  and  sulphur  are  most  frequently  observed 
in  the  lava  itself.    Direct  oxygen  compounds  and  silicates  make  up  the 
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largest  portion  of  tho  lava.  Carbonates,  sulphnretSi  and  other  combined 
forms  occur  comparatively  sparingly,  and  mnst  be  regarded,  in  many 
instances,  as  epigene  products. 

From  tbe  evidence  adduced  by  erupted  material,  therefore)  we  can 
infer  that  those  portions  of  the  earth's  crust  which  furnish  the  ejected 
masses  are  composed  of  direct  oxygen  compounds  and  silicates  mainly. 
These  two  classes  make  up  by  far  the  largest  proportion  of  the  cnist,  so  for 
as  it  has  been  possible  to  study  it.  Several  of  the  elements  mosti  there- 
fore, be  accounted  for:  hydrogen,  nitrogeu,  chlorine,  carbon,  and  sul- 
phur. In  attempting  to  explain  the  presence  of  these  elements  at  very 
considerable  depths,  we  touch  upon  a  subject  which,  in  this  connectioD, 
becomes  one  of  the  utmost  importance.  This  is  the  subject  of  inflltra- 
tion. 

The  emission  of  water  during  volcanic  eruptions  has  been  a  subject  of 
cai'eful  study.  From  the  fact  that  active  volcanoes  are  found  almost 
exclusively  in  the  vicinity  of  large  bodies  of  water,  the  hypothesis  has 
been  derived  that  they  are  in  direct  connection  with  such  bodies.  A 
number  of  theories  have  been  advanced  explanatory  of  the  method 
whereby  the  water  could  find  access  to  the  regions  of  high  temperature. 
Others  have  assumed  that  the  aqueous  vapors  emitted  were  merely  tbe 
equivalent  of  precipitated  moisture  or  of  direct  leakage.  Either  one  of 
the  views  undoubtedly  expresses  a  portion  of  the  truth.  It  is  eminently 
probable  that  water  precipitated  in  the  immediate  vicinity  of  voloanio 
vents  may  find  its  way,  as  drainage,  to  such  depths,  from  which  it  will 
be  ejected  by  force.  On  the  other  hand,  fissures,  in  connection,  perhaps, 
with  standing  bodies  of  water,  may  conduct  a  certain  amount  of  it  to 
the  upper  portions  of  the  liquefied  rock.  Besides  these  sources,  how- 
ever, we  have  that  of  the  perpetual  percolation  of  water  to  great  deptiis. 
It  is  an  accepted  theory  that  water  penetrates  the  rocks  composing  the 
earth's  cru^t  to  a  far  greater  depth  than  has  been  reached  by  man.  We 
have  here,  then,  a  prolific  source  of  oxygen  and  hydrogen.  Carbonic- 
acid  gas  is  equally  assumed  to  penetrate  to  very  great  depths.  As  a 
concomitant  of  water  it  is  well  known.  Sulphates  and  chlorides  can  be 
found  in  aqueous  solutions,  and  chlorides  are  the  main  mineral  constitu- 
ents of  sea- water,  readily  held  in  solution.  Sir  H.  Davy  and  others  have 
assumed  the  presence  of  atmospheric  air  in  volcanoes,  occurring  at  depths 
sufficiently  great  for  the  purpose  of  decomposition.  We  have,  there- 
fore, in  the  afilux  of  water  and  the  compounds  it  usually  holds,  either  in 
solution  or  mechanical  retention,  the  means  of  explaining  the  presence 
of  all  gaseous  elements  or  compounds  observed  in  connection  with  vol- 
canic eruptions. 

Having  thus  briefly  alluded  to  the  evidence  furnished  by  volcanic 
eruptions  referable  to  admixtures  that  can  be  regarded  as  accidental, 
when  compared  with  the  lava  itself,  we  proceed  to  the  consideiation  of 
the  causes  producing  such  eruptions. 

In  the  presence  of  water  at  depths  where  the  temperature  must  show 
a  very  high  degree,  we  have  a  factor  that  is  capable  of  very  great  ex- 
pansive power.  Analogous  to  eruptions  of  geysers,  the  eruptions  of 
volcanoes  have  frequently  been  regarded  as  being  due  to  the  change  of 
Wiiter  into  steam.  No  more  powerful  agent,  perhaps,  could  be  imagined 
than  steam  for  propelling  through  existing  fissures  the  liquefied  rock — 
the  lava.  Accepting  the  theory  which  seeks  the  origin  of  lava  not  in 
the  central  fluid  or  plastic  masses  of  the  earth,  but  in  "reservoirs,'^  more 
or  less  localized,  it  becomes  incumbent  to  iieconnt  for  the  liquefaction  of 
those  portions  of  rigid  rock  which  have  filled  the  reservoirs. 

Numerous  views,  intended  to  explain  the  formation  of  such  reservoirs 
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have  beeD  advanced.  They  have  been  regarded  as  portions  that  were, 
by  some  means,  separated  from  the  central  fluid  or  plastic  mass.  Pro- 
chesses  of  chemical  decomposition  and  formation  of  new  compounds  have 
been  qooted  as  causing  a  sufficiently  high  degree  of  temperature  to  pro- 
duce viscidity  of  the  rocks.  Pressure  unequally  distributed  has  been 
adduced  as  a  factor  capable  of  producing  the  same  result. 

So  far  as  my  investigations  have  led  me,  I  have  arrived  at  the  con- 
clusion that  the  formation  of  reservoirs  containing  liquefied  rocks  or, 
using  the  general  term,  lava  is  the  result  of  primarily  irregularly  dis- 
tributed presHure  and  chemical  action.  In  order  to  present  this  view 
more  clearly,  I  shall  present  a  synopsis  of  the  methods  employed  in  pro- 
ducing the  obvious  result  of  volcanic  eruption.  First,  I  shall  endeavor 
to  point  out  those  facts  connected  with  pressure,  and  then  the  character 
of  the  chemical  changes  which  the  rocks  undergo. 

Charles  Babbage  conceived,  in  1834,*  that,  iu  consequence  of  the 
changes  going  on  at  the  earth's  surface,  changes  produced  by  the  re- 
moval and  redeposition  of  portions  of  the  solid  rocks,  the  surfaces  of 
^'equal  temperature"  within  its  crust  must  be  continually  changing.  As 
the  result  of  such  changes  he  concludes  that  ^^  rents  may  be  formed, 
mountain-chains  raised,  and  even  continents  elevated."  Becognizing 
very  clearly  the  direct  influence  of  such  a  change  of  equilibrium,  Bab- 
bage has  probably  overestimated  the  extent  of  the  results  which  might 
be  produced.  Two  years  later  Sir  John  Herschell  expressed  similar 
views  more  fully  in  a  letter  to  Charles  LyelLt  He  says:  ^^ Supposing 
the  whole  (earWs  crust)  to  float  on  a  sea  of  lava,  the  efTect  (of  accumw 
lated  sediment)  would  merely  be  an  almost  infinitely  minute  flexure  of 
the  strata ;  but  supposing  the  layer  next  below  the  crust  to  be  partly 
solid  and  partly  fluid,  and  composed  of  a  mixture  of  fixed  rock,  liquid 
lava,  and  other  masses  in  various  degrees  of  viscidity  and  mobility, 
great  inequalities  may  subsist  in  the  distribution  of  pressure,  and  the 
consequence  may  be  local  disruption  of  the  crust  where  weakest,  and 
escape  to  the  surface  of  lava."  Essentially  the  same  idea  as  expressed 
by  Babbage,  the  view  of  Herschell  presumes  conditions  which  may  par- 
tially be  granted,  and  the  results  he  deduces- therefrom  are  in  propor- 
tion to  the  original  force  employed.  He  states  further  that  in  case  the 
process  of  sedimentation  be  continued  to  that  t>oint  until  ^'some  support 
gives  way,"  a  portion  of  the  solid  crust  breaks  down,  thus  forming  one 
or  more  vents  for  the  ejection  of  liquid  lava.  Into  the  opening  thus 
formed  the  liquid  will  rise  by  simple  hydrostatic  pressure.  With  in- 
creasing height  of  the  column  or  sheet  the  pressure  diminishes  until  a 
point  is  reached  where  the  *^  ignited  water"  can  become  steam.  Then 
the  joint  specific  gravity  suddenly  diminishes,  and  there  is  violently 
forced  upward  a  mixture  of  lava  and  steam. 

In  this  way  Herschell  explains  the  production  of  volcanic  eruptions  as 
directly  the  result  of  pressure  caused  by  accumulations  of  sediment. 
One  of  the  main  conditions  essential  to  this  explanation  is  the  breaking 
of  '^  some  support."  Though  undeniably  this  may  be  supposed  to  occur, 
it  is  an  occurrence  that  would  probably  result  in  a  violent,  short  erup- 
tion, and  not  in  one  continuing  for  ages.  Acceptable  as  this  expla- 
uation  of  the  origin  of  volcanic  eruptions  is,  it  has  a  bearing  most  di- 
rectly upon  a  short,  destructive  series  of  ejections,  rather  than  a  long, 
continued  one. 

T.  Sterry  Hunt  has,  for  a  number  of  years,  paid  ranch  attention  to 
this  question,  and  has  furnished  many  valuable  contributions  thereupon: 

*  Proo.  Geo].  Soc.  of  LoDdoD,  1834,  vol.  ii,  p.  75. 
t  Proc.  Qeol.  Soc.  of  London,  1836,  vol.  ii,  p.  548. 
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*<<We  conceive  that  the  earth's  solid  crust  of  anbydroas  aud  prim- 
itive iDgneoos  rock  is  everywhere  deeply  concealed  beneath  its  own 
ruins,  which  form  a  great  mass  of  sedimentary  strata,  permeated  by 
water.  These  rocks,  at  a  sufQcient  depth,  are  necessarily  in  a  state  of 
igneoaqueous  fusion,  and  in  the  event  of  fracture  in  the  overlying 
strata,  may  rise  among  them,  taking  the  form  of  eruptive  rocks.^ 
Lyellt  says:  ^^The  permanent  elevation  and  subsidence  of  land  now 
observed,  and  which  has  been  going  on  throughout  past  geological  ages, 
may  be  connected  with  the  expansion  and  contraction  of  parts  of  the 
solid  crust,  some  of  which  have  been  cooling  from  time  to  time,  while 
others  have  been  gaining  fresh  accessions  of  heat" 

Such  aud  similar  views  have  been  advanced  to  explain  the  soarces 
from  which  the  volcanic  material  might  be  derived.  Taking  a  totally 
difierent  ground  are  those  explanations  of  the  source  of  heal  which  are 
founded  upon  purely  chemical  bases. 

Keferstein,  in  1834, |  contends  that  volcanic  phenomena  have  their 
origin  in  sedimentary  strata,  and  that  they  are  the  result  of  chemical 
changes  there  going  on.  As  Hunt  correctly  remarks,  §  Keferstein  has 
placed  his  hypothesis  upon  an  untenable  basis  by  ^^guoring  the  incan- 
descent nucleus  as  a  source  of  heat."  Bischofif,  who  made  numerous 
experiments  relative  to  the  fusion  of  rocks,  came  to  the  conclusion  that 
the  presence  of  carbonic-acid  gas  at  great  depths  would  produce  decom- 
l)08ition  of  the  silicates.  Carbonates  would  be  formed  in  consequence, 
and  the  increase  of  bulk  might  readily  produce  mechanical  uplifting  of 
strata  and  other  phenomena. 

My  friend,  Gapt.  G.  E;  Dutton,  has  published  a  scries  of  highly  inter- 
esting speculations  as  to  the  earth's  physical  evolution.  ||  He  takes  the 
hydrothermal  theory  of  metamorpbism  for  granted,  and  assumes  that  the 
process  is  an  intensified  solvent  power  over  silica,  alumina,  and  other 
minerals.  By  this  means  the  original  combinations  are  broken  up.  He 
regards  the  results  obtained  with  reference  to  the  minerals  as  essentially 
the  same  an  the  soluble  hydrates  obtained  in  the  laboratory.  This  pro- 
duction or  change  is  accompanied  by  a  large  diminution  of  the  specific 
gravity.  Although  the  assumptions  cannot  be  proved,  as  the  entire 
nature  of  the  process  is  not  understood,  we  are  enabled,  judging  from 
analogies,  to  conceive  the  possibility  and  even  probability  of  such  con- 
ditions as  Dutton  supposes  to  take  place. 

Making  a  careful  survey  of  the  most  prominent  hypotheses  proposed, 
and  eliminating  such  features  as  seem  to  me  irreconcilable  with  facts 
observed,  1  have  arrived  at  a  series  of  results  that  are  set  forth  in  the 
subjoined  pages.  It  will  be  necessary  to  revert  to  some  questions  already 
touched,  for  the  purpose  of  a  complete  understanding  of  the  views  held. 

Within  the  interior  of  the  earth's  crust  we  have  certain  definite  zones 
of  heat.  To  what  degree  the  temperature  may  rise  is  immaterial.  The 
distance  of  these  zones  from  the  centre  of  the  earth  will  vary  propor- 
tionately to  the  amount  of  pressure  at  any  given  point.  In  accordance 
with  Uerschell,  we  assume  that  the  deposition  of  enormous  quantities 
of  sediment  at  any  point,  or  along  any  line,  will  eventually  produce  a 
flexure  or  fracture  of  the  underlying  masses  of  rigid  rock.  This  flexure 
or  fracture  will  be  expressed  by  a  movement  of  the  disturbed  portions 


*  Cauad.  Jour.,  May,  1858,  vol.  iii,  ]).  207. 
t  Principles  of  Geology,  1«()8,  vol.  ii,p.242. 
tNatnrgescbicbte  des  Krdkorpers,  vol.  i,p.  109. 
$  Am.  Jour.  Sci.,  July,  1800. 
II  Pcuu.  Monthly,  May,  IbTG,  PLilada. 
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towards  the  centre  of  the  earth.  Thereby  the  isothermal  zones  within 
the  earth's  cmst  will  be  changed. 

For  the  purpose  of  illustration,  we  will  take  the  zone  of  liquefaction. 
In  case  certain  portions  of  the  earth's  crust  are  forced  nearer  towards 
the  centre  of  the  earth,  there  will  be  a  tendency  towards  re-establish- 
ment of  the  disturbed  equilibrium.  Bocks  and  portions  of  rocks  that 
have  heretofore  been  in  a  rigid  condition  have  pussed  the  zone  of  lique- 
faction. Necessaiily,  this  influx  of  heat  absorbing  material  will  change 
the  absolute  limits  of  this  zone.  A  portion  of  the  intruding  material 
will  be  liquefied ;  another  portion  will  assume  a  higher  degree  of  tem- 
perature }  a  portion  may  or  may  not  retain  its  former  conditions. 

Primarily,  additional  pressure  is  exercised  within  this  group  by  the 
rocks  changijig  from  rigidity  to  plasticity,  and  to  viscidity.  According 
to  experiments  by  Bischoff,  granite,  for  instance,  loses  more  than  10  per 
cent,  of  its  volume  in  passing  from  a  melted  or  plastic  condition  to  rigid- 
ity.* Beversing  the  proposition,  we  find  that  a  rock  representing  the 
type  that  we  might  expect  to  find  within  the  interior  of  the  earth's  crust 
gains  more  than  10  per  cent,  by  being  melted.  This  pressure,  again, 
will  exercise  its  influence  in  still  further  increasing  the  degree  of  heat, 
and  will  thus  produce  a  viscous  condition  of  some  portions  that  other- 
wise would  have  remained  plastic  or  perhaps  even  rigid.  This  influence 
will  make  itself  felt  within  certain  limits,  defined  by  the  quantity  of 
originally  remelted  material. 

In  this  manner  we  may  assume  that  what  have  been  designated  as 
*<  reservoirs  "  are  formed.  In  speaking  of  the  condition  of  the  earth's 
interior,  the  term  <^  liquid  or  plastic  "  has  been  used  in  previous  pages. 
Inasmuch  as  the  questions  involved  did  not  directly  affect  this  point, 
the  term  was  thus  used.  It  seems  to  me  that  the  hypothesis,  supposing 
the  existence  of  a  solid,  anhydrous  nucleus,  and  a  liquid  zone  between 
it  and  the  rigid  crust,  is  not  sufficiently  well  sustained  to  demand  accep- 
tation. More  in  conformity  with  phenomena  observed,  and  better 
adapted  for  the  support  of  many  most  important  hypotheses  and  theo- 
ries, is  the  assumption  which  regards  the  interior  of  the  earth  as  being 
in  a  plastic,  anhydrous  condition.  Between  this  anhydrous,  central  mass 
and  the  exterior  crust  lies  a  thermal  zone  containing  disconnected  areas 
of  liquefied  rocks.  These  are  the  reservoirs.  Their  extent  is  directly 
proportionate  to  the  amount  of  accumulated  sedimentation,  and  to  the 
solvent  powers  of  such  agents  as  may  be  employed. 

As  solvent  agents  we  may  regard  primarily  the  directly  acting  pres- 
sure, and,  secondarily,  the  presence  of  water  and  other  compounds.  It 
seems  eminently  probable,  and,  so  far  as  experimental  knowledge  goes, 
the  supposition  is  supported,  that  water  under  great  pressure  and  at  high 
temperatures  will  act  as  a  most  powerful  agent  in  breaking  up  the  com- 
position of  minerals  constituting  the  rocks  at  such  depths.  In  tnis  con- 
dition of  hydrothermal  solution  we  may  assume  that  a  hydration  of  some 
of  the  compounds,  so  far  as  they  may  still  be  individualized,  will  take 
place.  Such  hydration  necessitates  a  decrease  of  speciflc  gravity,  an 
increase  of  volume.  It  is  impossible  to  measure  the  quantities  to  which 
this  would  amount,  because  we  are  not  able  to  reproduce,  artificially, 
the  conaitions  existing  at  the  depths  we  are  speaking  of,  Hunt  says  :t 
<*The  mechanical  pressure  of  great  accumulations  of  sediment  is  to  be 
regarded  as  cooperating  with  heat  to  au.2;mentthe  solvent  action  of  the 

*  BolletiD  de  ]a  Soc.  Geol.,  2d  series^  vol.  It,  p.  1312. 
t  Am.  Jour.  Sci.  and  Arts,  vol.  iv,  p.  26. 
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water,  and  as  being  thas  one  of  the  efScient  causes  of  the  liqaefiiction 
of  deeply- buried  sedimentary  rocks.^ 

Conceding  these  views,  we  have  a  double  action  producing  a  decrease 
of  specific  gravity.  We  have  the  mechanical  action  produced  by  pres* 
sure,  and  we  have  the  result  of  chemical  changes  of  hydration.  The 
pressure  produced  within  the  limits  of  the  reservoir  will  tend  to  increase 
its  size.  As  Iresh,  undisturbed  zones  are  reached  by  the  spreading  ac- 
tion, new  acquisitions  of  chemical  solvent  agents  will  be  encountered. 
Heat  will  be  lost  in  the  conversion  of  this  fresh  supply  from  a  rigid  to 
a  plastic  or  liquid  coudition.  It  is  evident,  therefore,  that  the  enlarge- 
ment of  the  reservoir  will  eventually  reach  a  point  beyond  which  it  will 
progress  but  very  slowly.  Should  the  effects  of  superimposed  sedimen- 
tation, which  have  gradually  wrought  this  condition,  cease,  then,  too, 
will  the  process  of  liquefaction  progress  no  further. 

In  case  the  reservoir  thus  formed  is  sufSciently  near  the  surface  of 
the  earth,  the  strain  incident  upon  its  generation  will  be  entirely  suffi- 
cient to  produce  seismic  phenomena.  These  may  be  manifested  simply 
by  vibrations  and  concussions,  or  they  may  result  in  the  formation  of 
fissures.  In  addition  to  this  method  of  forming  fissures  we  are  ac- 
quainte<l  with  many  other  modes.  Perhaps  one  of  the  most  striking  is 
that  suggested  by  Sir  John  Herschel,  which  has  been  given  above. 

At  the  time  of  the  opening  of  a  ficsure  or  series  of  fissures  we  have, 
within  the  reservoir,  certain  definite  conditions ;  a  more  or  less  homo- 
geneous magma  has  been  formed  by  the  liquefaction  of  the  original 
rocks;  the  mass  is  in  the  condition  of  maximum  tension  ;  water  is  held 
there  at  very  high  temperatures  and  under  great  pressure ;  gaseous 
vapors  which  have  been  reduced,  even  at  such  great  heat,  to  liquidity 
may  be  n^ained  within  the  limits  of  the  reservoir. 

Upon  the  opening  of  the  fissure  the  viscous  mass  will  rise  into  it  by 
hydrostatic  pressure.  Should  the  lava  then  reach  points  where  the  con- 
ditions are  no  longer  such  as  to  retain  water  and  liquefied  gases  in  the 
same  state  as  within  the  reservoir,  these  will  suddenly'  expand,  and, 
under  iavorable  circumstances,  produce  the]>henomenon  of  catastrophic 
volcanic  erni)tirfns.  Where  either  th*^  configuration  of  the  fissure  or 
the  tension  of  the  material  within  the  reservoir  are  such  as  to  preclude 
an  occurrence  of  this  character,  we  will  have  different  results.  Either 
the  lava  will  ascend  into  the  fissure  until  it  flows  over,  with  the  demon- 
stnition  of  violent  force,  at  the  surface,  or  the  lava  will  rise  within  the 
fissure  until  hydrostatic  pressure  and  expansion  of  gases  can  no  longer 
propel  it  upward.  By  the  agency  of  heat,  decomposition  of  water  may 
take  place,  and  the  additional  quantities  that  may  be  encountered  on 
the  way  upward  will  be  utilized  to  a  certain  extent.  This  feature  seems 
to  account  lor  the  presence  of  hydrogen  and  chlorine  during  volcanic 
eruptions  of  the  present  day,  while  nitrogeu  would  be  derived  from  the 
decomposition  of  atmospheric  air  which  was  enclosed  within  the  fused 
masses. 

Should  the  eruption  be  essentially  a  slow  one,  it  may  easily  occar 
that  the  liquid  masses  will  be  cooled  down  sufficiently,  and  the  conditions 
of  pressure  may  be  favorable  to  the  sud<len  conversion  of  superheated 
water  to  steam,  and  liquefied  gases  to  vapors  at  very  considerable  depths. 
This  in  turn  would  tend  to  restore  the  original  conditions  of  equilibrium, 
which  now  would  be  abnormal.  Continued  deposition  of  sediment,  the 
everchanging  absolute  position  of  the  zone  of  liquefaction,  and  the  at- 
tempted restoration  of  static  conditions  would  eventually  result  in  a 
repetition  of  the  same  occurrences.     Fissures  would  again  be  formed  at 
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tbe  points  and  along  the  lines  of  least  resistancet  and  fused  rocks  woald 
be  ejected  within  the  same  region  successively  for  a  long  period  of  time. 

All  the  phenomena  which  must  be  the  inevitable  resultants  of  such 
conditions  and  occurrences  as  are  assumed  above  to  take  place,  have 
been  observed  within  the  range  of  the  study  of  vulcanicity.  ' 

As,  perhaps,  the  primary  conditions,  we  must  regard  the  accumula- 
tion of  sediment  at  any  one  point,  or  along  a  certain  line.  This  will  be 
most  readily  effected  along  the  edges  of  large  bodies  of  water.  There 
we  find  to-day  the  best  development  of  volcanic  activity.  Eruptions 
that  belong  to  past  geological  periods  may  be  found  to  have  taken 
place  in  regions  which  were  similarly  situated.  Near  the  borders  of 
large  bodies  of  water  this  liquid  has  the  best  opportunity  of  penetrating 
through  rocks  to  the  greatest  depths.  Hence  it  is  there  that  we  will 
find  the  best  supply  of  so  powerful  a  solvent  agent.  According  to 
Scheerer*  the  ^^  presence  of  5  or  10  per  cent,  of  water  may  suffice,  at 
temperatures  approaching  redness,  to  give  to  a  granitic  mass  a  liquid- 
ity partaking  at  once  of  the  character  of  an  igneous  and  aqueous  fusion.'' 

Eruptions  have  been  observed,  showing  the  action  of  some  suddenly- 
developed  force,  and  islands  have  thus  been  formed,  some  of  which  have 
remained  to  the  present  day,  while  others,  again,  have  disapi)eared. 

As  a  rule,  the  rocks  forming  lavas  do  not  consist  of  hydrated  miner- 
als. Exceptions  are  formed  by  many  occurrences  of  quartz,  however. 
2^early  always  the  matrix  of  semi-opal  or  opal  has  proved  to  be  of  un- 
doubted eruptive  origin.  Here,  then,  we  have  an  instance  in  which  the 
water  was  retained  as  a  component  part  of  the  primarily  anhydrous 
mineral.  It  is  highly  probable  that  minerals — if  retaining  any  individu- 
ality in  the  fused  magma — and  the  magma  itself  have  lost  their  water 
at  that  point  when  it  was  rapidly  converted  into  steam.  Oenerally, 
lavas  show  more  or  less  porosity.  This  characteristic  feature  is  evi- 
dently the  result  of  gaseous  enclosures.  A  large  percentage  of  tbe  en- 
closed gases  must  be  referable  to  atmospheric  air.  But  the  vesicular- 
ity  is  often  observed  at  such  points  where  air  could  scarcely  have  had 
any  access  to  the  lava.  Without  assuming  too  much,  then,  the  vapor 
producing  this  porosity  may,  in  many  instances,  be  referred  to  steam. 
Any  gas  of  specific  character  would  probably  have  produced  such  alter- 
ations of  the  immediate  surroundings  of  its  enclosing  mass  that  its  for- 
mer presence  could  even  now  be  detected. 

The  views  above  given  were  suggested  by  a  study  of  the  eruptive 
rocks  in  Colorado,  and  to  my  mind  they  offer  perfect  agreement  with 
the  observations  that  led  to  their  present  form. 

ORIGIN  OF  THE  ERUPTED  ROOKS  OF  COLORADO. 

In  the  year  1873, 1  was  struck  with  the  ultimate  similarity  of  some  of 
the  metamorphic  rocks  and  the  trachorheitic  eruptions  observed  in  Col- 
orado. I  then  published,  without  further  elaboration,  the  opinion  that 
I  regarded  the  latter  simply  as  the  result  of  the  fusion  of  granitest.  At 
the  same  time.  Dr.  Peale  came  to  similar  conclusions.  He  suggests,! 
vehether  the  eruptive  granites  of  the  Elk  Mountains  might  not  prop- 
erly be  regarded  as  a  remelted  metamorphic  granite,  and  points  out  the 
possible  establishment  of  a  direct  connection  between  the  trachytes  and 
the  granites  of  that  region. 

The  more  I  had  an  opportunity  to  study  the  eruptives  of  Colorado, 

*Ain.  Joar.  Sci.  and  Arts,  T.  S.  Haat,  yoL  4,  p.  26. 
tRep.  U.  8.  Oeol.  Sarv.,  Id73,  p.  350. 
t  Ibid.,  p.  261. 
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ihfi  moiY?  flrmlr  I  became  convinced  of  theoorrectness  of  tbe  hypotheris. 
Wtf;  have  in  Colorado  laainl y  tbe  two  great  groups  of  volcanic  emptives, 
tbe  tracljorbeitic  and  tbe  ba«altoid.  Of  tbese,  I  regard  tbe  former,  to- 
gether with  tbe  Elk  Mountain  ernptives,  as  remelted  metamorphic  gran- 
ite, aij'l  the  latter  as  tbe  jiroduct  of  a  series  of  bydrotbermal  fasions. 
In  itfieakiug  of  tbe  trachytes  of  tbe  Aavergne,  Qaenstedt  says,*  ^The 
tracby te.s  of  tbe  Aii%'ergne,  protruding  from  tbe  graniteSi  appear  to  be 
simply  a  granite  altered  by  beat  and  devoid  of  itd  free  qaartz.*  Leopold 
von  Ijuch,  who  made  many  careful  examinations  of  that  region,  says :  ^ 
^*  Granite  i.s  tbe  original  mass  from  which  this  lava  has  been  formed.^ 

The  reasons  for  assuming  such  an  origin  for  tbe  trachorbeites  are: 

(1.;  They  ficcur  mainly  within  granitic  areas.  Although  spreading 
in  many  diref:tious  over  sedimentary  beds,  they  start  from  metamorphic 
regions. 

(2.)  The  similarity  of  composition  of  tracborbeites  and  of  granite  apon 
ultimate  analysis. 

(3.;  The  enclosures  of  foreign  granitic  masses  within  tracborbeites  ia 
various  stages  of  fusion. 

(4.)  The  definite  ratio  exhibited  by  tracborbeites;  tbe  older  ones  pre- 
senting ty|>es  that  admit  of  ready  fusion,  the  younger  ones  l(*S8  so. 

Taking  into  aiusideration  the  main  area  of  tracborbeites,  we  have 
been  able  to  (li^»cover  but  one  single  point  of  outflow.  This  is  located 
not  far  from  Uucompahgre  Peak.|  This  is  located  so  that,  although  no 
metamorphics  are  expos^  within  the  immediate  vicinity,  their  existence 
tli«a-e,  uiiiiicunilx'red  by  sedimentary  strata,  is  undoubted. 

An  interesting  feature  is  that  of  foreign  enclosures.  They  are  of  such 
a  character  that  they  cannot  always  be  regarded  as  having  existed  on  the 
surface  at  the  time  of  the  eruption,  and  having  been  enveloped  by  tbelava, 
but  as  having  been  carried  upwards  along  with  it,  from  a  point  perhaps 
but  very  little  removed  from  their  sources.  Dr.  Loew  has  observed 
similar  conditions  in  New  Mexico.  He  Kay8:§  ^^Here  the  rock  {rhyoliie) 
exhibits  a  c1oh(3  relation  to  the  granite  which  it  overlies,  inasmuch  as  ic 
encloses  semi  fused  fragments  of  tbe  latter.  Moreover,  we  can  trace 
quite  distinctly  tbe  effects  of  various  degrees  of  beat  upon  masses  of 

feldspar It  would  appear  that  we  here  have  a  granite 

with  partial  transformation  into  a  rbyolite On  tbe 

San  Kranci.sco,  seven  miles  above  its  mouth,  masses  of  rbyolite  occur 
that  contain  through  the  whole  imrticles  of  kaolin."  Emmons  mentions 
an  analogous  occurrence.||  In  tbe  rhyolites  of  Washoe  Mountains  a 
specimen  was  found  showing  quartz  which  contained  '*  a  number  of 
liijuid  inclusions  with  mobile  bubbles.''  Zirkel  mentions  that  near  this 
fragment  of  quartz  he  found  a  piece  of  decomposed  feldspar,  and  comes 
to  the  conclusion  that  both  minerals  are  ^'  bodies  foreign  to  tbe  rbyolite." 

An  examination  of  about  two  hundred  specimens  of  metamorphic 
granite  from  Colorado  showed  that  none  of  them  was  without  magnetite. 
Some  contained  considerable  quantities. 

Averages  taken  from,  respectively,  ten  and  thirteen  analyses  show 
the  X)ercentages  of  silica  and  ferrous  oxide  to  be  as  follows,  viz : 

Trachyte.  Rbyolite. 

SilicA 60. 87        74. 90  per  cent. 

Ferrous  oxide 3.70         1.75  percent. 


lb. 


*  Ep<K'bun  (ler  Nutur,  IHOl,  p.  102. 

t  Mineralopischo  Uriefo  auH  Anvergne,  1»?()2. 

X  Compare  Reps.  U.  8.  Gool.  Snrv.,  1874  and  1875. 

\  Rep.  Kxpl.  and  Siirv.  West  lOOtli  Mcr.,  vo].  iii,  1875,  p.  641. 

IGkoL  Expl.  40th  Parallel,  vol.  ii.  1877,  p.  ASZ. 
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It  is  to  be  regretted  that  not  more  analyses  of  other  volcanic  rocks 
\rere  available,  or  we  wonld  probably  be  able  to  see  the  result;  the 
trachyte  does  not  contain  the  lowest  average  of  silica  of  the  trachorheitic 
group. 

If  we  assume  that  the  normal  composition  of  a  given  metamorphic 
granite  were  identical  with  that  of  the  trachyte,  containing  60.87  per 
cent,  of  silica  and  3.76  of  ferrous  oxide,  and  we  subject  that  granite  to  a 
process  of  fusion  and  recrystalltzation,  what  would  be  the  result  f  If 
we  could  produce  such  conditions  that  only  a  portion  of  the  mass  were 
to  be  fused  at  a  time,  and  the  entire  quantity  to  be  used  up  successively, 
we  would  probably  find  that  those  portions  requiring  the  smaller 
amount  of  heat  or  the  least  powerful  solvent  agents  would  be  separated 
first.  This  result  would  furnish  us  with  the  mostreadily-meltihg  product, 
with  the  one  containing  the  least  silica,  and  most  iron.  Bepeating  the 
process  upon  the  same  block  with  or  without  the  admixture  of  new 
material  of  identical  composition,  we  would  obtain  higher  i)ercent- 
ages  of  silica,  smaller  ones  of  ferric  compounds.  Such  a  process  could 
be  continued  until  silica  no  longer  found  sufficient  quantities  of  other 
oxides  to  form  silicates,  and  would  make  its  appearance  in  the  product 
of  fusion  as  free  quartz.  Conditions  analogous  to  this  I  assume  to  have 
occurred  at  the  time  of  the  genesis  of  the  trachorheites. 

From  all  evidence,  the  eruptions  of  the  Elk  Mountain  granites  were 
attended  with  greater  demonstrations  of  violence  than  those  of  the 
trachorheitic  areas.  In  that  instance  we  may  have  a  more  complete, 
more  rapid  fusion  of  the  original  mass,  and,  in  consequence,  a  crystalline 
aggregate  upon  cooling.  How  much  effect  the  various  methods  of  cool- 
ing must  have  had  upon  the  lithological  and  mineralogical  character  of 
the  molten  material  has  been  suggested  in  previous  pages. 

From  the  uniform  character  of  the  trachorheites  it  may  be  inferred 
thac  they  have  had  their  origin  at  comparatively  shallow  depths,  within 
zones  of  similar  rocks.  Little  or  no  violence  attended  their  ejection,  in 
conformity  with  the  rule  as  pronounced  by  Gotta,*  that  the  erupted 
masses  rarely  produce  extensive  mechanical  or  chemical  changes.  The 
ejection  of  lava  has  taken  place  through  fissures.  Although  evidently 
in  a  highly  viscous  state,  as  a  rule, it  flowed  for  long  distances,  quietly 
leaving  the  opening  through  which  it  was  brought  to  the  surface. 

Dissimilar  in  certain  respects  are  the  eruptions  of  porpbyritic  tra- 
chytes. Greater  demonstrations  of  force  are  noticeable  within  their 
range.  Either  one  or  more  reservoirs  furnished  the  material  for  a  group 
or  cluster  of  groups.  Their  singular  coincidence  of  structure  argues 
for  a  common  origin,  and  for  identical  mode  of  ejection.  Breaking 
through  the  same  beds  at  diflerent  localities,  the  lavas  have  met  with 
the  same  obstacles,  and,  obeying  the  same  forces,  have  produced  the 
same  results. 

The  basaltoid  group  represents  types  that  I  regard  as  having  under- 
gone more  than  one  fusion.  They  contain  a  low  percentage  of  silica 
and  a  high  one  of  ferrous  oxide.  Although  occurring  isolated,  the 
largest  massive  eruptions  observed  were  in  connection  with  other  erup- 
tions. I  am  aware  that  this  is  not  always  the  case;  but  where  it  is  not, 
I  should  regard  the  basaltoids  as  generally  relatively  younger.  Excep- 
tions to  this  rule  are  not  wanting,  however.  Inasmuch  as  these  rocks 
essentially  form  a  transition  to  the  lavas  of  the  present  day,  their  per- 
sistence as  frequently  fused  masses  receives  additional  proof.  We  can 
scarcely  assume  that  the  periodical  ejections  of  lava,  which  we  now 
observe,  should  always  indicate  the  alteration  of  fresh  material.    We 

*  Geologic  der  Qegenwort.    Leipzig,  1872,  p.  128. 
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may  ratber  suppose  that  certain  portions  are  gradoally  cooled  off,  are 
again  reheated  to  sofficiently  high  temperatures  only  to  form  compara- 
tively low  silicates,  and  are  ejected  as  such. 

This  view  bears  directly  upon  the  point  of  extinction  of  volcanic 
activity  within  certain  circumscribed  areas.  Should  the  percentage  of 
silica  in  the  material  of  any  one  reservoir  become  so  high,  that  the  tem- 
perature and  other  solvent  agents  there  existing  are  no  longer  snflS- 
ciently  great  to  produce  fusion,  then  a  cessation  of  eruptions  must  ensue. 
In  case  no  additional  material  is  introduced  within  the  range  of  the 
reservoir,  this  cessation  will  remain  permanent.  As  the  result  we  will 
find  that  all  volcanoes  or  volcanic  vents  supplied  therefrom  must  become 
inactive. 

BECAPITCLATION. 

So  as  to  present  in  concise  shape  the  main  conclusions  drawn  from 
the  study  of  the  eruptive  rocks  of  Colorado,  a  short  recapitulation  is 
here  presented. 

I.  The  eruptive  granites  and  trachorheites  of  Colorado  are  the  direct 
products  of  remeltiug  of  metamorphic  rocks,  mainly  granites. 

II.  With  decreasing  geological  age  of  the  trachorheites  the  percent- 
age of  Hilica  increases. 

III.  The  basaltoids  are  the  products  of  repeated  fusion  and  cooling  of 
what  originally  were  metamorphic  rocks. 

IV  Tbo  age  of  the  oldest  eroptives  in  Colorado,  recognizable  as  such, 
falls  into  the  Post-Carboniferous  era. 

V.  The  age  of  the  Elk  Mountain  granites,  trachorheites  and  porphyri- 
tic  trachytes  falls  into  a  period  subsequent  to  the  close  of  the  Cretaceous 
formation.  Eruptions  probably  continued  throughout  the  first  half  of 
the  Eocene. 

VI.  The  age  of  the  basaltoids  in  Colorado  falls  into  the  Tertiary 
period,  and  in  adjacent  States  and  Territories  it  may  be  connected  to 
eruptions  of  tbo  present  epoch. 

VII.  The  main  portion  of  the  eruptions  in  Colorado  was  determined, 
as  to  horizontal  distribution,  by  the  arrangement  of  maximum  Creta- 
ceous and,  in  part,  Tertiary  sedimentation. 

VIII.  Tbe  period  of  greatest  volcanic  activity  was  prior  to  the  main 
elevation  of  tbe  liocky  Mountains  and  tbe  depression  of  adjoining  re- 
gions. 

IX.  Volcanic  eruptions,  elevations,  and  depressions  of  these  regions 
stand  in  intimate^  though  inverted,  connection  to  each  other. 

X.  The  reservoirs,  forming  sources  for  Colorado,  were  of  com  paratively 
shallow  depth.* 

*  Note. — I  may  here  state  that  I  am  at  present  preparing  a  more  ezhanstive  paper 
on  the  origin  of  ernptives.  This  will  discoBS  not  only  the  erupted  rocks  of  Colorado, 
bat  of  the  entire  West. — £• 
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LETTER  OP  TRANSMITTAL. 

Office  of  the  United  States  Geologigal  and 

Geogsaphioal  Survey  of  the  Tebbitobies, 

Washingtonj  D.  C,  January  25, 1878. 

Sir  :  I  have  the  honor  to  transmit  herewith  my  report  on  the  primacy 
triangulation  of  Colorado ;  also,  a  description  of  methods  of  topograph- 
ical, field,  and  office  work. 

The  primary  triangulation  was  in  charge  of  Mr.  James  T.  Gardner 
until  the  fall  of  1875,  when,  on  his  resignation,  the  continaation  of  the 
work  devolved  upon  me. 

I  completed  the  field-work  during  the  summer  of  1876,  and  have  fin- 
ished the  computations,  giving  the  results  in  the  appended  report. 

Owing  to  the  unfinished  condition  of  the  work  when  placed  in  my 
Lands,  and  the  difficulties  met  with  in  going  over  an  immense  amount 
of  material  with  which  I  was  not  familiar,  it  is  possible  that  some  unim- 
portant errors  may  occur,  but  I  endeavored  to  make  it  as  perfect  as  pos- 
sible. 

I  have  attempted  to  give  a  general  idea  of  the  geographical  work  in 
as  concise  a  form  as  possible,  designing  only  to  convey  some  idea  how 
the  geographical  work  of  the  survey  has  been  carried  on,  and  to  show 
upon  what  evidence  our  final  maps  rest. 

Appended  to  this  report  I  give  some  observations  on  the  magnetic 
needle,  illustrating  the  great  range  of  the  magnetic  variation  over  the 
State.  Hoping  that  this  report  may  prove  of  interest  and  meet  with 
your  approval, 

I  am,  very  respectfully,  your  obedient  servant, 

A.  D.  WILSON, 
Chief  Topographer. 

Dr.  F.  V.  Hatden, 

United  States  Oeologist  incluirge. 
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REPORT  ON  THE  PRIMARY  TRIANGULATION  OF  COLORADO. 


By  a.  D.  Wilson. 


CHAPTER  L 

PEIMABT  TEIANGULATION. 

The  primary  triangalation  party  for  the  season  of  1876  was  com- 
posed, besides  myself,  of  William  H.  Holmes,  fi^eologist ;  W.  B.  Atkinsoa 
and  A.  L.  Bedin,  general  assistants;  Harry  Yoant  and  John  Stewart, 
packers,  and  Spencer  Batler  as  cook.  Dr.  Hayden  accompani^  the 
party  for  a  short  time  himself. 

The  party,  outfitting  at  Oheyenne,  marched  to  Denver ;  thence  by 
rail  to  El  Moro,  the  southern  terminus  of  the  Denver  and  Bio  Grande 
Bailroad.  Leaving  El  Moro  on  August  18,  we  made  a  station  the  fol- 
lowing day  on  Fisher's  Peak,  a  point  just  south  of  Trinidad.  From 
this  point  we  marched  by  way  of  the  valley  of  the  Purgatoire,  crossed 
the  Siangre  de  Oristo  Bange  by  Gostilla  Pass;  then,  skirting  the  west 
foot  of  the  range  toward  the  north,  to  the  foot  of  Gulebra  Peak.  On 
the  l24th  of  August  we  ascended  this  point,  and,  having  a  clear  day, 
I  succeeded  in  taking  a  good  set  of  obsprvatious  on  the  surrounding 

S^ks.  Besuming  our  march  the  following  day,  we  camped  under 
lanca  Peak;  but  owing  to  a  heavy  rain-storm  we  were  compelled  to 
l*emQin  in  camp  until  the  morning  of  the  28tb.  As  I  had  climbed  this 
peak  before,  in  the  prosecution  of  my  topographical  work,  I  knew  only 
too  well  what  was  before  us;  so  we  took  as  early  a  start  as  possible, 
following  up  one  of  the  spurs  that  jut  out  to  the  south  we  were  able  to 
:ride  with  but  little  difficulty  to  the  timber-line,  where  we  were  com- 
pelled to  leave  our  mules.  Dividing  the  instruments,  &c.,  between  the 
different  members  of  the  party,  we  scrambled  our  way  up  the  ddbris 
elope,  about  1,800  feet,  with  but  little  difficulty,  to  the  first  outstanding 
point.  From  this  point  a  very  narrow,  saw-toothed  ridge  leads  to  the 
main  peak,  which  was  only  about  800  feet  above  us,  but  1^  miles  away  in 
d  straight  line.  Taking  this  ridge,  we  scrambled  along  as  best  we 
f>ould,  and  after  two  and  a  half  hours  of  hard  work  we  reached  the  sum- 
mit of  Blanca  Peak.  (See  report  of  Franklin  Bhoda,  for  1875,  for  u 
more  detailed  description  of  this  mountain  and  its  surroundings.) 

This  peak  is  one  of  the  finest  geodetic  points  in  all  Colorado,  owing 
to  its  height,  position, and  sharp, conical  form.  After  spending  some  four 
hours  on  the  top  taking  the  numerous  angles  that  were  necessary,  we 
began  the  descent,  which  we  found  less  laborious,  but,  if  possible,  more 
dangerous  than  the  ascent.  The  height  of  this  point  was  determined 
by  myself,  in  the  following  manner : 

Visiting  this  point,  as  I  did,  first  in  1875,  then  in  1876,  it  gave  me  an 
opportunity  to  take  several  barometric  observations.  Each  time  having 
two  barometers,  I  compared  them  before  starting  up  the  mountain ; 
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then  left  one  at  Fort  Garland,  to  be  observed  every  half-bonr  daring 
the  middle  of  the  day,  the  fort  being  only  10^  miles  in  a  straight  line 
from  the  peak.  A  mean  of  the  eijj^ht  barometrical  results  for  the  differ- 
ence between  the  peak  and  Fort  Garland  gave  G,4GG  feet,  while,  by  fore 
and  back  angles  of  elevation  and  depression,  the  difference  was  G,4G8. 

Fort  Garland  was  first  determined  by  a  series  of  readings  eztendiiig 
over  some  three  or  four  months,  taken  three  times  daily,  compared  with 
those  taken  at  Colorado  (Springs  by  the  signal  service.  A  mean  of  all 
these  results  gave  for  Fort  Garland  a  height  of  7,997. 

Later  I  procured  the  preliminary  profile  of  the  Denver  and  Bio  Grande 
Bailroad,  which  gave  to  the  fort  an  elevation  of  7,94Gfeet.  Assaming  this 
to  be  correct,  it  gives  for  Blanca  Peak  an  elevation  of  14,413  feet  aliove 
sea-level,  making  it  the  highest  point  in  Colorado,  according  to  oar  ob- 
servations. But  owing  to  the  fact  that  a  number  of  points  so  nearly  ap- 
]>roach  this  figure,  and  to  the  imi)erfections  in  the  barometer  as  an 
instrument  for  the  measurement  t)f  heights  in  a  mountainous  region, 
where  local  storms  and  sudden  atmospheric  changes  occur  ao  IVeqaently 
as  in  Colorado,  it  is  a  very  difficult  matter  to  determine  with  certainty 
which  is  the  highest  |>eak.  Another  cause  for  uncertainty  in  the  ab- 
solute heights  of  all  points  in  the  far  West  is,  the  poor  quality  and  tlie 
want  of  proper  connection  between  the  railroad  levels  run  from  the  Gulf 
and  the  Atlantic  seaboard  by  many  different  roads,  and  by  many  differ- 
ent persons.  But  as  these  levels  afford  the  best  determination  which  we 
have  for  the  interior,  we  were  compelled  to  base  all  our  heights  on  them. 
Until  some  continuous  line  is  carried  through  from  tide- water,  this  qd- 
certainty  cannot  be  removed;  consequently  the  absolute  heights  of  all 
points  in  the  interior  must  remain  to  some  extent  unsettled  for  the 
present. 

From  Fort  Garland  we  marched  westward  across  the  San  Lais  YaU 
l^y*  ^y  ^^y  of  Dei  Norte,  to  the  Summit  district,  where  another  station 
was  made  on  (Summit  Peak  ;  thence,  following  up  the  Bio  Grande  we 
made  our  next  station  on  Kio  Grande  Pyramid,  a  fine  pyrami<lal  [>eak 
situated  a  few  miles  south  of  the  river,  on  the  continental  divide. 

Our  next  point  being  the  highest  i>eak  in  the  La  Plata  group,  we 
marched  by  way  of  Silvertoo,  thence  by  trail  down  the  Animas  River  to 
Animas  Park  and  ParrottCity.  Fromthelatterplaeeweskirted  the  west- 
ern slope  of  the  mountains  to  the  foot  of  our  objective  point,  and  oa 
September  12  we  ascended  Hevsperis  Peak.  Arriving  at  the  summit  we 
found  the  day  to  be  one  of  those  magnificently  clear  days  which  are 
only  found  in  these  high  regions,  and  which  can  only  be  fully  appreci- 
ated by  one  doing  such  work  as  ours,  where  it  is  so  necessary  to  see 
points  at  such  great  distances.  After  spending  some  four  or  five  hours 
busily  taking  notes,  we  returned  to  camp  well  pleased  with  the  results, 
and  on  the  following  morning  resumed  our  march  toward  the  northwest, 
camping  the  first  night  at  the  Big  Bend  of  the  Dolores. 

Our  next  point  being  the  Abajo  Peak,  which  was  some  eighty  miles 
to  the  west,  consequently  out  of  our  direct  line  of  march,  I  determined 
to  divide  my  little  party,  sending  the  main  train  on  to  await  me  under 
Loue  Cone,  while  Mr.  llolmes  and  myself  took  a  small  outfit  and  started 
across  the  mesa  country  for  the  Abajo  Mountains,  making  a  few  topo- 
graphical stations  on  the  way  to  fill  in  a  small  area  which  bad  been  leit 
the  previous  year  owing  to  the  hostilities  of  the  Ute  Indians. 

The  second  day's  march  brought  us  to  the  foot  of  the  mountains,  but 
at  the  same  time  a  storm  which  had  been  accumulating  for  some  time 
broke  upon  us,  and  as  we  were  not  prepared  for  such  an  event,  were 
compelled  to  hover  around  a  sage- brush  fire  for  three  days,  while  the 
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snow  and  rain  came  down  alternately  antil  tbe  mountains  were  covered 
to  a  depth  of  a  foot  and  a  half  with  snow  while  the  plains  were  converted 
into  va.8t  mud-holes.  Finally,  on  the  morning  of  the  19th,  the  storm 
broke  aud  we  were  soon  on  our  way  up  the  mountain.  Breaking  our 
way  through  the  fresh  snow  we  succeeded  in  reaching  the  summit,  where 
we  found  the  snow  nearly  two  feet  deep.  Completing  our  observations 
and  sketches  as  soon  as  possible,  nearly  freezing  in  the  mean  time,  we 
800Q  descended  to  our  camp,  glad  to  be  ready  once  more  to  resume  our 
inarch,  for  this  delay  had  nearly  entirely  exhausted  our  supply  of  pro- 
visions ;  in  fact,  we  had  but  one  day-s  supply  left  and  were  about  100 
miles  from  our  main  camp. 

Late  at  night  on  the  second  day  we  reached  the  foot  of  Lone  Cone, 
but  not  finding  our  main  camp,  were  compelled  to  camp,  notwithstanding 
the  fact,  which  weighed  heavily  on  our  miuds,  that  we  had  eaten  our 
last  morsel  of  provisions  at  five  c^clock  the  previous  morning. 

Arousing  ourselves  at  break  of  day  the  following  morning  and  finding 
the  weather  looking  unsettled,  I  determined  to  ascend  the  peak  before 
spending  any  more  time  in  search  of  camp,  fearing  that  a  storm  might 
again  delay  us.  After  some  three  hours  of  hard  climbing  we  reached 
tiie  summit,  and  I  succeeded  in  getting  a  good  set  of  observations. 
After  completing  my  work  I  scanned  tbe  horizon  with  my  field-glasses 
for  our  main  camp,  which  I  finally  discovered  about  seven  mileseastward. 
Betumiug  to  where  I  had  left  the  animals  we  soon  packed  up,  and 
wending  our  way  through  down  timber,  bog-holes,  and  snow,  we  ar- 
rived at  our  camp  about  4  p.  m.,  pretty  well  woru  and  ready  for  a 
"square'^  meal,  which  we  had  not  enjoyed  for  two  days. 

The  next  morning  found  us  on  our  way  to  Uncompahgre  agency, 
where  we  found  some  fresh  supplies  aud  mail  awaiting  our  arrival. 

From  Uncompahgre  agency  we  followed  down  the  river  nearly  to  its 
junction  with  the  Gunnison,  then  turning  slightly  to  the  east  crossed 
the  Gunnison,  taking  an  old  Indian  trail  which  we  had  been  informed 
by  the  Indians  would  lead  us  to  White  Kiver,  making  a  station  on 
l^orth  Mam  Peak  on  our  way ;  we  arrived  at  the  agency  on  White  Biver 
September  30. 

After  making  two  stations  in  this  vicinity,  which  completed  our  sea- 
son's work,  we  started  for  Kawlin's  Springs,  where  we  arrived  on  the 
11th  of  October,  having  occupied  eleven  geodetic  stations,  which  com- 
pleted tbe  triangulation  of  Colorado. 

From  Rawlins  the  mules  aud  outfit  were  all  shipped  by  rail  to  Chey- 
enne, where  they  were  quartered  for  the  winter,  and  the  party  imme- 
diately proceeded  directly  to  Washington. 

PRIMARY  TRIANGULATION. 

When  the  survey  of  Colorado  was  commenced,  in  the  spring  of  1873, 
by  the  United  States  Geological  and  Geographical  Survey  of  the  Terri- 
tories, it  was  found  nex^essary  to  inaugurate  a  system  of  primary  tri- 
angulation, in  order  to  locate  a  number  of  points  with  a  considerable 
degree  of  accuracy,  upon  which  the  topographical  work  might  be  based. 

The  first  important  step  was  to  find  a  suitable  location  for  the  accu- 
rate measurement  of  a  base-line.  This  first  step  is  all-important,  as  the 
future  work  depends  entirely  upon  the  accurate  measurement  of  the 
base. 

After  reconnoitering  the  country  in  the  vicinity  of  Denver,  Mr.  Gard- 
ner selected  a  spot  just  east  of  the  city,  where  a  '<  tangent"  of  the  Kan* 
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sas  Pacific  Bailroad  coald  be  ased  to  considerable  advantage,  as  the 
greater  portion  of  the  base  coald  be  measared  apon  it.  Mr.  uardner 
baa  kindly  farniahed  me  with  the  following  details  of  the  measarement : 

HEASTJREMEMT  OF  THE  DENVER  BASE. 

The  base  is  a  little  over  G  miles  long,  and  half  of  it  is  on  a  ^*  tangent '^ 
of  the  railroad.  The  west  end  of  the  base  is  4,811.566  feet  from  the  end 
of  the  *^  tangent"  and  on  its  western  prolongation. 

Three  and  a  half  days  were  occnpied  in  twice  measuring  this  base. 
The  measarement  was  made  with  a  Ghesterman  steel  tape  1(X)  feet  long, 
having  a  spring-balance  attached,  by  which  the  tape  was  8tretched,witli 
a  tension  of  16  poundc.  The  end  of  each  100  feet  was  marked  with  a 
knife-edge  on  the  track  or  on  a  low  stool.  The  profile  of  the  line  was 
ascertained  by  level  so  that  all  inclined  measurements  might  be  reduced 
to  horizontal  distances.  The  temperature  of  a  mercurial  thermometer 
exposed  to  the  san  was  read  every  five  minutes,  and  this  was  assumed 
to  be  the  temperature  of  the  tai>e.  After  two  measurements  of  the  base, 
the  steel  tape,  without  being  used  for  further  work,  was  taken  to  Wash- 
ington and  compared  with  the  United  States  Goast-ISurvey  standard  for 
chains. 

The  following  were  the  results  of  the  two  measurements  of  the  Den- 
ver base: 

First  measurement 


Measured  length  corrected  for  temperature  and  slope 31861. 304 

Second  measurement 

m 

Measured  length  corrected  for  temperature  and  slope 31863. 102 

Total  correction  applied  for  slope —  1. 924 

Total  correction  applied  for  temperature — 

To  first  meavsuremeut +2. 542 

To  second  measurement +  4. 67 

Adopted  measured  length  corrected  for  temperature  and 

slope 31862. 203 

Correction  for  error  in  length  of  tape 4-5. 416 

Correction  for  reduction  to  sea-level —  7. 825 

Length  of  baseline 31859.794 

The  uncertainty  of  this  measurement  cannot  probably  exceed  one  ten- 
thousandth.  Much  of  this  error  is  doubtless  due  to  the  incorrect  as- 
sumption of  the  relations  of  the  temperature  of  the  tape  to  that  of  an 
exposed  thermometer. 

From  this  base  the  work  was  expanded  by  gradually  increasing  tri- 
angles, with  great  care,  to  the  high  mountain  peaks  lying  to  the  west  of 
Denver. 

The  plan  adopted  in  this  work  was  to  use  the  highest  and  more  promi- 
nent peaks  as  stations,  taking  great  care  to  select  such  points  as  would 
give  a  good  system  of  well-conditioned  triangles,  and  at  the  same  time, 
where  possible,  selecting  the  sharper  and  most  definite  points,  as  they 
could  be  sighted  more  accurately,  especially  at  long  distances,  when  the 
monuments  were  not  visible.  Where  the  points  were  not  sharp  or  well 
defined  it  was  generally  found  best  to  sight  some  object,  such  as  large 
rocks,  or,  on  low  points,  trees,  whose  distance  from  the  point  where  the 
station  was  afterward  made  could  be  measured.  Always  on  occupy- 
ing a  point  there  was  built  a  large  stone  monument,  which  could  be 
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sighted  afterward  with  ease  at  a  distance  of  from  30  to  40  miles.  In 
nearly  all  cases  these  moDuments  are  the  points  given  as  the  stations; 
in  many  cases  the  monuments  were  built  before  the  point  was  occupied, 
and  in  such  case  the  observations  were  reduced  to  center  of  the  monu- 
ment. 

THE  SAN  LUIS  BASE.      ^ 

When  the  triangulation  had  been  extended  into  Southwestern  Colo- 
radOy  a  second  base  or  base  of  verification  was  measured  in  the  San  Luis 
Valley  and  connected  with  the  largo  triangles  of  the  principal  system 
by  a  smaller  scheme. 

The  base  is  about  5^  miles  in  length.  It  begins  on  the  eastern  ex- 
tremity of  a  low  gravelly  ridge  on  the  north  side  of  Kerber  Greek,  near 
the  stage-road  crossing,  and  stretches  northward  diagonally  across  the 
valley. 

The  position  was  selected  by  James  T.  Gardner,  and  the  measure- 
ment conducted  by  him  ^ith  the  assistance  of  Robert  Adams,  jr.,  Pro- 
fessor Atkinson,  and  Clarence  Kelsey. 

The  total  time  occnpied  in  measuring  the  base  twice  was  six  days, 
commencing  August  24, 1874.  Flags  were  placed  along  the  line  at  such 
short  intervals  that  three  were  always  in  sight,  from  which  tho  tape 
could  be  aligned  by  the  eye.  Low  stools  were  used  for  marking  the  dis- 
tances. Their  tops  were  of  2-inch  plank  and  were  1  foot  square.  Each 
was  supported  by  four  irou  spikes  6  inches  long.  Three  of  these  stools 
were  placed  on  the  line  100  feet  apart.  The  Ohesterman  tape  was  then 
stretched  from  the  initial  point  on  the  first  to  the  second  stool,  being 
pulled  straight  by  a  strain  of  IG  pounds,  applied  with  a  spring-balance. 
The  100  feet  was  then  marked  on  the  top  of  tbe  stool  with  a  pencil-edge. 
The  ta|)e  was  then  stretched  from  this  mark  to  the  third  stool.  When 
this  100  feet  had  been  marked  as  before,  the  first  stool  was  brought 
forward.  Each  time  that  the  tape  was  stretched,  the  bulb  of  a  sensi- 
tive thermometer  was  placed  against  ibe  under  side  of  the  tape  and  its 
temperature  recorded.  The  di&erence  of  level  between  tbe  stools  was 
ascertained  with  a  leveling-instrument  and  rod. 

The  temperature  of  the  tape  in  the  sun,  when  the  breeze  was  light, 
was  found  to  be  5^  to  G^  higher  than  that  of  a  thermometer  exposed  to 
the  sun.  The  results  of  the  two  measurements  of  the  base  are  as  fol- 
lows: 

First  measurement 

Feet. 

Uncorrected  measurement 28534. 87 

Corrections  for  slope — 10. 07 

Corrections  for  temperature -f  1. 40 

Corrections  for  error  of  tape  from  CTnited  States  standard 

atG2o —  2.8G 

Corrected  length  of  base 28522.74 

Second  measurement. 

Uncorrected  measurement 28533.^95 

Correction  for  slope — 10.  G7 

Correction  for  temperature +    2. 193 

Correction  for  error  of  tape  from  United  States  standard 

atG2o... _   2.8G 

Corrected  length  of  base 28522. 558 

Difference  of  two  measurements 0. 18 

Adopted  mean 28522. 05 

Correction  to  sea-level — 10. 89 

Length  of  base 28511.76 
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These  two  mensurements  of  this  line,  5^  miles  loDg,  differ  only  about 
2  inches,  which  is  a  mach  more  accarate  result  than  that  obtained  at 
the  Deuver  bane,  where  the  tape  was  laid  on  the  railroad  track  and  the 
temperature  of  a  thermometer  exposed  to  the  sun  was  aasamed  to  be 
the  same  as  that  of  the  tape.  San  Luis  base  is,  of  course,  entitled  to 
much  more  weight  than  the  Deliver  base  in  the  final  adjustment  of  the 
triangulation. 

AZIMUTH  OF  SAN  LUIS  BASE. 

For  determining  the  azimuth  of  the  base,  six  observations  were  made 
on  Polaris  at  the  north  end  of  the  base,  September  5,  and  four  observa- 
tions, September  6,  at  the  south  end  of  the  base;  six  observations  had 
been  taken  August  30,  and  ten  in  the  evening  of  August  31.  The  mean 
of  the  observations  at  the  south  end  of  the  base,  being  reduced  to  the 
north  end,  gave  at  the  north  end — 

The  azimuth  of  base-  by  south-end  observations 340^  41K  29^'.  32 

The  azimuth  of  base  by  north-end  obser%'ations 340^  49^  24''.  02 

In  connecting  the  triangulation  brought  down  from  the  Denver  base 
with  the  expansion  from  the  San  Luis  base,  it  was  found  that  there  was 
a  difference  of  9J  inches  to  the  mile  in  length  between  the  two  systems, 
that  from  Denver  being  the  greater.  This  difference  is  due,  no  donbf;, 
partly  to  the  errors  in  measurements  of  the  two  buses,  and  partly  to  the 
accumulating  errors  of  the  work  as  brought  from  Denver.  In  this  scheme 
Pike's  Peak  enters  as  one  of  the  principal  points,  and  owing  to  its  very 
flat  top,  it  was  difficult  to  locate  with  a  great  degree  of  accuracy. 

The  accuracy  of  the  triangulation  may  be  judged  by  the  closure  of 
triangles ;  the  observed  angles  of  each  triangle  should  sum  up  to  180^ 
plus  the  spherical  excess. 

The  first  sixteen  complete  triangles  used  in  expanding  fh>m  the  Den- 
ver base  to  the  high  mountain-peaks,  sunuued  up  with  a  mean  error  of 
closure  of  six  and  four-tenths  seconds  (C.4),  and  the  forty-seven  triangles 
used  in  carrying  the  work  as  far  south  as  the  San  Luis  base  and  west 
to  the  Holy  Cross,  had  a  mean  error  of  closure  of  ten  and  three-tenths 
seconds  (l(y'.3). 

In  the  whole  scheme  of  triangulation  of  Colorado,  there  has  been  used 
in  the  determination  of  the  occupied  stations  one  hundred  and  forty- 
three  complete  triangles,  with  a  mean  error  of  closure  of  thirteen  and 
three-tenths  seconds  (13".3). 

These  errors  may  bo  considered  small  when  we  consider  that  natural 
points  were  used  as  stations,  and  that  the  angles  were  taken  with  an 
8inch  theodolite,  whose  vernier  was  graduated  only  to  ten  seconds  of 
arc  and  reading  to  live  seconds. 

METHOD  OP  ADJUSTING  THE  TRIANGULATION. 

I  present  below  a  general  description  of  the  methods  used  in  the  ad^ 
juntmeut  of  the  work,  omitting  the  minor  details.  In  expanding  the 
work  from  the  measured  bases,  signals  were  established,  forming  as 
nearly  ecinilateral  triangles  as  possible,  and  the  observations  on  these 
were  reiieated  several  times  on  diffcMcnt  parts  of  the  circle.  The  errors 
of  closure  in  this  way  were  rednced  to  a  minimum,  and  this  small  error 
in  the  first  triangles  was  distributed  equally  among  the  three  angles. 
After  locating  some  two  or  throe  points  in  this  manner,  they  were  then 
connected  with  the  mountain  staiions,  on  which  monuments  bad  been 
previously  built,  in  order  that  they  might  be  more  accurately  sighted,  ia 
the  following  manner: 


«.l 
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Having  establiahed  tbese  oatside  pointa,  ve  tlien  had  aa  many  diSvr- 
eut  basi'B  from  wbivh  to  compote  tLe  next  point;  8o  we  proceeded  by 
simply  comimting  all  the  triauglea  we  have  on  Moaut  Ouray,  throwing 
all  the  erronj  of  ulusare  at  the  point  sought ;  that  is,  simi)ly  using  the 
foresights  nacorrected,  except  tbr  spherical  excess;  after  cilcalutiug 
all  the  trianglea  i'u  this  mauner,  we  made  a  plot  of  the  intersections  of 
theae  lines  es  culculuted,  say  oo  a  scale  of  two  feet  to  one  inch  [that  being 
the  scale  nsed  in  plotting  those  at  Ouray);  see  Figure  1,  Plato  XTII. 

Now,  it  will  be  seen  that  these  lines  do  not  meet  at  u  giveu  point,  as 
they  shonld  if  the  work  was  perfect.  All  other  Ihiugs  being  equal,  the 
most  probable  location  of  the  point  would  be  iu  the  centre  of  gravity  of 
the  small  triangles  which  are  termed  at  the  point  by  the  intersections. 
Bat  tliere  are  some  other  things  which  are  important  in  determining  the 
most  probable  position,  such  as  the  closure  of  the  different  triangles, 
the  value  of  difi'ereut  sights,  &c. 

Taking  such  things  into  consideration  as  may  be  regnrded  worthy  of 
note,  we  choose  a  point,  as  at  Ouniy,  Fig.  1,  where  the  two  sights  crosa 
from  Station  23  and  Station  24,  na  the  most  probable  position  of  the 
station  on  Mount  Ouray,  and  calculate  the  necessary  swings  from 
Hunt's  Peak  and  north  end  base  to  make  those  lines  meet  the  other  at 
thecboseu  point. 

Applying  these  corrections  to  the  angles  at  Hunt's  and  north  base, 
lecalculating  the  triangles,  and  we  have  the  point  Ouray  located. 

It  will  bo  seen  that,  although  the  triangles  on  Mount  Ouray  are  fixed, 
we  have  not  yet  distributed  the  errors  at  the  jKtint  Ouray.  For  inscnnre, 
we  bavo  yet  an  error  of  closure  in  the  triangle  Hunt's,  Station  2^1, 
Mount  Ouray,  of  +  2";  in  the  triangles  Hunt's,  Station  24,  Ouray,  of 
+  3";  and  in  triangle  Hunt's,  north  base,  Ouray,  an  error  of  0". 
Now,  how  much  of  thiH  error  is  dne  to  sighting  Hunt's,  north  base, 
Station  23,  or  Stntion  24,  is  not  settled.  The  following  arbitrary  method 
was  nsed  in  distributing  these  errors : 

First.  It  will  be  seen  dhat  if  any  one  of  these  backsights  become 
flxeci,  the  others  of  necessity  are  fixed  also,  us  the  angles  between  them 
are  already  fixed  by  the  location  of  the  point.  If  we  assume  a  series  of 
swiufES,  say  of  tbe  sight  from  Ouray  to  Hunt's,  and  tabulate  the  result 
as  below,  we  get  a  series  of  columns  of  swings,  each  one  of  which  will 
satisfy  tbe  conditions  of  tlie  angles  at  Ouray,  and  give  a  possible  ar- 
rangenient  of  tbe  swings : 

Tt^U  af  »aiiig»  front  MomU  Ourag, 
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Adding  up  tbese  columns,  we  get  tbe  aggregate  swings  each  would 
require.  Other  things  being  eqnal,  it  is  best  to  select  the  column  which 
gives  the  least  aggregate  ol'swingn,  which  in  this  case  is  marked  n;  but 
there  may  sometimes  be  re:ison»  wliy  one  point  is  more  liable  to  error 
than  tbe  others,  and  in  that  case  another  colum  n  may  be  selected  if  its  sum 
diflers  but  little  fioni  the  smaller  sum  ;  but,  as  a  rule,  it  is  best  always 
to  choose  the  column  that  gives  the  least  aggregate  swing.  Tbese  cor- 
rections, both  fore  and  buck,  i^hould  be  recorded  immediately  iu  some 
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convenient  form,  as  they  are  taken  into  account  in  all  Babaeqoent  tri- 
angles in  which  these  sides  enter.  In  this  manner  the  work  is  carried 
on  from  station  to  station  until  all  are  located. 

The  method  of  plotting  the  results  as  calculated  from  the  uncorrected 
foresights  I  consider  a  very  good  check  on  the  previpns  work,  as  any 
erroneous  location  in  the  previous  work  must  appear  at  the  new  point. 

Figure  4,  Plate  XVII,  represents  the  foresight  intersections  as  plotted 
from  the  preliminary  calculations  for  the  location  of  Monnt  Eito  Alto. 
All  of  these  sights  come  within  a  circle  of  al>out  5  feet  diameter,  the 
centre  of  which  is  assumed  to  be  the  most  probable  position,  and  the 
sights  were  accordingly  swung  to  that  point 

Figure  5  represents  the  condition  of  the  foresight  intersections  on  Sum- 
mit Peak.  Here  we  have  one  of  the  widest  ranges  occurring  in  the  calcu- 
lations of  the  work  of  1870,  and  this  is  probably  due  to  the  tact  that  this 
point  presents  a  broad  top  as  seen  from  the  northeast,  and  all  of  the  sights 
from  that  direction  are  taken  from  a  long  distance;  but  as  four  out  of 
the  eight  sights  used  meet  very  nearly,  those  triangles  sum  up  very 
close  to  IdO^,  while  the  triangles  containing  the  sights  from  Mount  Bite 
Alto,  Uuut's,  Stations  24  and  28,  sum  up  too  large.  I  assumed  the 
error  to  l)e  mostly  on  those  sights,  and  was  convinced  that  the  intersec- 
tions of  the  sights  from  Blanca.  and  South  Eiver  Peaks  are  correct,  and 
accordingly  swung  the  other  sights  to  that  point. 

Figure  0  represents  the  sights  as  plotted  on  Rio  Grande  Pyramid,  and 
the  small  triangle,  the  point  chosen  as  the  station.  Figure  3  shows  the 
condition  of  sights  on  West  Elk  Peak. 

Figure  2  gives  the  intersections  on  Mount  Wilson.  .  The  peculiar  posi- 
tion of  this  [K)int  makes  it  one  of  the  best  proofs  of  the  accuracy  of  the 
previous  ^vo^k  that  occurs  in  the  whole  system,  although  it  was  only  oc- 
cupied as  a  secondary  station.  But  it  was  sighted  from  every  direction, 
and  the  various  points  from  which  it  was  sighted  were  located  more  or  less 
by  difl'ereiit  series  of  triangles.  The  arrow-point  shows  from  which 
direction  the  sight  was  taken,  and  the  name  of  4he  point  from  which  it  was 
taken  is  placed  on  the  other  end  of  the  line,  or,  in  other  words,  nearest 
the  station.  All  of  these  sights  meet  within  a  small  area  except  one, 
and  that  being  so  much  ont  as  compared  with  the  others,  it  is  piobable 
that  some  error  was  made  in  sighting  from  that  station ;  therefore  it  was 
given  no  weight  in  the  final  location  of  the  point.  Many  more  exam- 
l>les  might  be  f^iven,  but  these  few  will  be  suflicient  to  give  an  idea  of 
the  chanicter  of  the  work,  and  will  also  serve  to  illustrate  the  general 
method  of  adjustment. 

I  consider  the  foregoing  method  of  adjustment  very  simple,  and,  at 
the  same  time,  sufficiently  accurate  for  the  class  of  work  to  which  it  is 
applied. 

The  primary  object  of  this  triangulation  is  to  locate  points  at  short 
intervals,  upon  which  the  topographical  work  could  be  based,  and  that 
these  i)oints  should  be  located  with  such  a  degree  of  accuracy  that  the 
errors  would  not  be  appreciable  within  the  limits  ot  the  territory  on  our 
maps,  tlie  s(!ule  being  four  miles  to  one  inch,  and  I  believe  that  this  has 
been  fully  accomplished. 

The  aecoinpanying  njap  shows  a  general  i)lot  of  the  triangulation  ; 
all  of  the  occupied  stations  are  given,  and  a  few  of  the  located  points. 
I  did  not  consider  it  necessary  to  give  the  numerous  points  that  have 
been  located  by  foresight  intersections,  as  it  would  only  serve  to  make 
the  plot  more  confusing. 

The  latitudes  and  longitudes  are  based  on  the  stations  located  for  us 
by  the  kind  cooperation  of  the  United  States  Coast  Survey  at  Denver, 
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ido  Spriogo,  nnd  Trinidad,  and  hare  been  cotDpated  from  these 

natbs  bare  been  taken  at  intervals  OTer  tbe  vbole  aysteni. 
iw  will  be  found  ti  list  of  the  primary  points,  with  their  latitndes, 
ides,  and  elevations  also,  a  table  ot  azimuths  and  distances  from 
tatioD  to  the  £urronndiDg  points.  Tbe  aziumths  are  given  from 
itb  line  as  zero  around  to  the  right;  the  distances  ia  miles  and 
tls  thereof. 


ttiin  LdIb  bus  . . 


f^-' 


ImUktoln  .. 


3!>  17  ts.a 

30  411  1&  4 


M  BO  87,3 

3S  ifi  34.  e 


13  £.1.3 

»si.g 
ioij  07  ssia 

I0(j  ilS  3B.  1 

--m  lasis 
u  4J  10.  i 


II,  sw 

H.17B 


a^tio  II 
37  Mni 
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REPORT  UNITED  STATES  GEOLOGICAL  SUBYET. 


A  l\»i  of  $ome  of  the  more  important  plaeee  in  ColoraiOt  vilk  their  agpnuAm^U  ItfttMbi, 

longUndea,  and  etevatione  abore  eea-letel. 


K 


BUickHawk 

Breokenridge 

Boulder 

CafionCity 

CoD(\jo« 

Cwibon 

Centrevllle 

Caarcllo's  Ranch 

Colorado  Sprinsa,  United  States  Coast  Survey  Station 

Denver.  UnitfecTSiates  Coast  Survey  Station 

Denver  School-booae 

Del  Norte 

Dayton 

Evans' Ranch,  in  Estes  Park 

FortOailund 

IWrPlay 

Croorgetown 

Greeley 

Golden 

Granite 

Gold  Hill 

Hot  Springs,  Middle  Park 

Idaho  

Lake  City 

Ix)a  Pi&OH  Agency 

IiODgmont 

HalU 

Middle  Bonlder 

Kutritcs  Tierra  Amarilla 

Putfblo 

ParrottCi*y 

RoMiU 

Sncuacbe 

Silvcrtou 

Trinidad.  United  SUtea  Coast  Snrvoj  SUtion 

Unoouinaligrt'  ngcocy 

While  Kiver  agency 


Latitodea. 


o  /  #f 

39  48  00 
^S9  00 

40  (0  4i 

38  96  48 

37  06  53 

39  ao  46 
a8  4<>48 

38  57  00 

38  SO  00.3 

39  45  tl.8 
39  45  00.7 
37  41  00 

39  04  48 

40  89  3U 

37  95  31 
39  13  99 

39  41  45 

40  S5  94 
39  45  30 

39  03  00 

40  03  54 
40  04  48 

39  44  54 

38  01  54 
3ii)  11  37 

40  09  30 
30  13  49 

39  57  38 

36  49  11 
38  16  36 

37  90  39 

38  06  00 
38  05  43 
37  48  49 

37  10  ia8 

38  17  15 

39  50  08 


TiongfUidoa     XWratloiH. 


O     I     w 
^OStt  19 
106  OB  18 
105  16  at 

105  13  51 

106  01  10 

105  34  94 

106  03  18 

105  17  19 
101  40(17.6 
104  50  3315 

104  59  93L4 

106  91  94 
106  99  00 
105S9  09 
1U5  95  47 

105  30  39 
1U5  49  06 

104  41  06 

105  19  39 

106  00  16 
105  93  16 
1G6  05  33 
105  30  38 

107  18  49 
1C6  40  36 

105  05  34 

106  19  45 

105  30  99 

106  39  59 

104  33  48 
lOdOSOO 

105  90  19 
1U6  08  30 

107  99  48 
104  30  07. 5 
107  47  18 
107  48  94 


7.975 
0,490 


5^800 

7.8ieo 

0.005 
7.80O 

B  •  *  *  •  ■ 

5^900 
9^840 
5,340 
T.7S0 
0,441 
7.400 
7.M5 
0,964 
8,9&« 
4,770 
5,  no 
8,863 
8.463 
7,700 
7,935 
8.530 
0,190 
4.857 
0,TQO 
8.869 
7.480 
4.703 
8.611 
8,500 
7.745 
0,400 
6,100 
6,400 
6^490 


Azimuths  and  distances  from  cast  end  of  Denver  base  to — 


• 

Names. 

Aaimnths. 

Distanoeai 

Pike's  Pmk --- 

O      1     f 

11  46  94 
95  06  31 
75  U5  5U 
73  57  93 
95  35  47 
no  SO  55 
150  18  08 

irost. 

Plfttto  Peak 

1 

9K20BB 

Derrick  

R7S94 

Muuut  Morrison 

83.3673 

West  base 

6.0341 

Sout  h  lioulder  Peak 

99.6790 

Dry  Creok  Station 

14.6709 

Azimuths  and  distances  from  west  end  of  Denver  hase  to — 


Names. 

Azinintha. 

DiatMMM. 

Platte  Peak 

O      t      't 

16  06  48 

40  Sin  3 

66  44  .13 

1-21  i>l  43 

173  59  53 

975  31  31 

jrosf. 

96L7356 

Derrick 

3.7974 

Mount  Morrison 

17.8974 

Sooth  Bouldf-r  P«ak 

S4. 194*3 

Dry  Creek  Station 

19.9903 

Eoist  base 

6.0941 

i 

wnjOKj 
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Na.xefl. 

Azimntha. 

Distanoea. 

Vtatte Peak 

o    /    // 

13  95  51 
65  10  31 
73  00  98 
190  19  36 
144  19  05 
180  96  57 
914  50  07 

jrOit. 

sasiao 

Ifmrf  KvAM  --T.rfTTTT.TT. 

37.9956 

Hfmnt  MoniMm 

14.6419 

flmth  BonldwPffAk 

83L8ie6 

Pry  iyrmk  Stelion 

15.0914 

WertbftM 

•   3L79ro 

'■«tlmf4^...T. ^ 

&7Sa4 

omd  diaianee$  from  Dry  Creek  Staiien 


KaiDM. 

Aximnthi. 

Distanoea. 

Swrlok...... 

o    /    // 

4  19  54 

493  03 

10  37  15 

38  14  51 

57  11  14 

91  09  55 

l-iO'38  59 

330  19  14 

353  58  14 

MiUt. 
1&0314 

Plk«*aPaak ....  .........  .... 

Platte  Peak 

Jl  HWIv  ALOTTiaOD  •«•••.•••.•*••*..•■..••*••••.•■..•••••.....■.•.■•••■*.■....••• 

94.4895 

"Mimffit  iSvana 

4Sl1£00 

SoQtb  Bm»i<l  w  Peak . . .  ,,,,„,,  „,^.,,, ---,,,,-,„,-,,.,.,.„- - 

19.307 

^oog*sPeak 

41.7594 

Xaarbane 

14.6709 

Veatbase • 

19.9SQB 

AHf^Uhe  and  stances  from  South  Bouldar  Peak 


UTamea. 

Aximntha. 

Distanoea. 

Vmnt 'Ryans ..^. ................. .............  ..... 

o    /    // 

36  09  04 
141  17  48 
970  55  56 
996  01  03 
301  06  08 

309  59  95 

310  SO  51 
347  98  40 
347  46  55 
349  51  00 

jrOet. 
31. 1501 

liOng'aPeak 

98.6893 

I>iT'%7Te«k  Station  ....  a .  . 

10.3960 

Iwtbafle 

99.6790 

Weatbaae 

94.1949 

Berrlok 

83.8186 

Bohofd-hoaae 

91.4847 

Platte  Peak 

!lf<rant  Morriaon 

90.0S76 

Pike'aPeak 

Azimuihe  and  disianoee  from  Mount  Morrieon  to— 


Namea. 

Aaimntba. 

Diatanoeau 

Bf oaot  Svana 

O      '    // 

76  15  46 

86  55  37 

159  40  34 

167  49  58 

918  03  55 

945  14  33 

946  39  U4 
959  50  47 
953  40  36 
350  37  01 
347  18  37 

MiU9. 

93.9914 

TofT««y'#  Pe*k , 

39.1996 

IxAS'^Peak 

45.5923 

fhrath  TBfl«iMerP«ik 

90.0576 

I>ry  Creek  Station 

94.4898 

Smool-bmiae ............ ...x.x<  ....      ......       .       .    .............    .... 

13.9309 

Weetboae 

17.8976 

Derrick 

14.6479 

Saatbafw ....    ......             .       .  .......... 

93.3673 

Pike'aPeak 

57.9658 

Platte  Peak 

98.9083 
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Agimuthi  and  dittanec9fiom  Lonff%  FecQit  fo— 


NamM. 


Mount  Evaiit 

Torrey'sPeak 

Hoant  Lincoln 

Mountain  of  the  Holy  Ctom 

Monnt  Powell 

Pork  View  Peak 

CUrk'sJ^eak 

Dry  Creek  Station 

Sontli  Boolder  Peak 

Monnt  Morrison 

Pike's  Peak 


Asimntha. 


154  55 

14M45 

83  08  54 

40  34  5S 

48  41  is 

100  38  14 

145  44  40 

900  II  15 

331  00  14 

33S86  11 

349»»l 


Diatanoea. 


JfllM. 

410081 
431 0119 
87.6855 
7L1500 
5L4i5i 

s&ooa 

«.3»;8 
4I.73M 


45lS8S3 

102.  M15 


Az\rkvXk%  and  disianceB  fnum  Park  Vitw  Peak  io— 


Kamee. 


Monnt  Powell 

Moontain  of  the  Holy  Croea 

Boow>mn88  Mountain 

Monnt  Zirkel 

Clnrk'aPeak 

Long's  Peak 

Mount  Evans 

Torrey'sPcak 

Monnt  Lincoln 


Asimntha 

DiataDoea. 

o      /     ff 

JCOm. 

15  30  15 

417756 

17  16  44 

30  50  44 

97.1381 

130  53  14 

45l9996 

900  36  01 

9l.iM&3 

fi»>3S01 

9a00il 

339  48  14 

.17.4609 

34C  30  43 

SaS743 

338  54  34 

67.509 

Azimuths  and  di8tanoe$  from  Mount  Eoana 


Namea. 


Mount  Rifo  Alto 

Hunt's  Peak 

Monnt  Ouray 

Monut  Princeton 

Mount  Hnrvard 

Mount  Lincoln 

Mountain  of  the  Holy  Cross 

Torrev's  Pt'nk 

I'nrk  View  Peak 

Long's  Peak 

Soutli  Boulder  Peak 

Dry  Crt-ok  Station 

Derrick 

Monnt  Morrison 

Platte  Peak 

Pike's  Peak 


Asimutha. 

Diatanoea. 

Off! 

jrOot. 

3  54  06 

11  11  13 

91  37  58 

39  15  59 

38  3U  16 

r&  4479 

57  01  13 

9U.8;88 

7J)  41  28 

45l5I39 

in  41  3.1 

10.  I&IOO 

IM  07  12 

57.4C09 

181  5.)  43 

48.C061 

215  56  37 

31. 1501 

Zid  24  30 

45l1S00 

2:)4  44  3^1 

37.9^58 

256  00  95 

23.3914 

277  52  49 

^97  54  05 

ea7V68 

Azimuths  and  distances  from  Torrey's  Peak  to — 


Names. 


Hunt's  Peak 

Mount  Ouray 

Mount  1*1  io(M>ton 

Alonut  Harvard 

Mount  Lincoln 

Mountain  of  the  Holy  Cross 

Mount  Powell 

l*ark  View  Peak 

Lon<;'8  Peak 

Mount  MorriBon 

Monnt  Evans 

Pike's  Peak 

Mount  Rito  Alto 

■  I 


Asimutha. 


O      I      II 

4  27  43 
14  M  33 
20  17  50 
28  33  57 
37  4G  49 
71  14  »J 

ion  30  :n 

ICO  4.'  10 
194  28  C8 
2i;n  33  45 
291  34  04 
3'J3  47  46 
357  58  10 


Diatancea. 


jrOet. 


5&3S47 
25.38C4 
.T7.3051 
i2a8339 
rO.  9743 
43.«n9 
3^1226 
iai9C0 
60.3939 
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Jbdmuiha  (uid  distaneeB  from  Mount  Povoell 


Names. 

Asimutha. 

DiatanoM. 

VtttiDtAio  of  the  Holy  CroM  . . .                         —                                   

o    /   // 

90  98  30 
41  30  56 
79  56  57 
195  91  40 
900  16  58 
165  50  15 
998  19  46 
986  10  43 
336  30  19 
356  97  51 
358  57  50 

JTOm. 
91.5040 

f^DOY-iPfiw  MoaoUdo 

i 

56.8006 

2^oith  Mam 

e5u407D 

Park  View  Peak 

4a77SB 

OftrkVPi'Rk  

69.9896 

HoontZirkel 

7&(I047 

I^oog'sPeak 

51w<954 

Torrev't Poak 

9&8399 

Mooai  Lincoln 

30.7364 

Momni  Onrav 

Moont  Bairard 

57.6647 

Azimuths  and  distances  from  Mountain  of  the  Holy  Cross  to — 

Xamea. 

Azimntha. 

Diatanoea. 

SDOw*m<iM  Mountain »..,»- 

O     1      II 

521  45  03 

69  40  47 

86  11  37 

9(^93  05 

990  00  59 
950  49  91 
959  08  54 

991  47  55 
346  58  95 
350  09  91 

MH€8. 

39.  4744 

SopriaPeak 

39. 68^ 

North  Mam  

74.9561 

Monot  Powell 

91. 5940 

IjODg'sPeak 

71.2SU0 

Torray'a  Peak 

37.9951 

Monnt  K  vans 

45.5439 

Monot  Lincoln 

91.3469 

Monnt  Hni^ard , ....r-....,..  ............................. 

3a  4013 

IfnffivA  Moantain 

19.9713 

Azimuths  and  distances  from  Mount  Lincoln  to — 


Names. 


Moont  Ouray 

Mount  Princeton 

Mount  Harvard 

La  Plata  Mountain 

Masaive  Mountain 

^Saow•ma8s  Mountain 

Mountain  of  tho  Holy  Cross 

Mount  Powell 

Park  View  Peak 

Long's  Peak 

Toi ley's  Peak 

Mount  Evans 

Pike's  Peak 

Mount  Rito  Alto 

Hunt's  Peak 


Azimuths. 


O      f      II 

5  99  41 

9  40  55 

20  58  55 

41  16  18 

60  Oi  56 

72  55  44 

112  02  01 

156  38  57 

178  54  49 

202  49  09 

217  35  44 

43  42 

15  23 

340  06  51 

352  20  09 


936 
301 


Diatanoea. 


JCOet. 


42.1349 
31.5988 
99.4930 
92.5581 
53.6720 
91. 3469 
3a  7364 
67. 5229 
67.0865 
25.3864 
90.8788 
67.3390 


67.3870 


Azimuths  and  distances  from  Mount  Harvard  to — 

Namea. 

Aximuths. 

Distances. 

Station  98 

O     1      II 

9  53  19 
97  18  24 
33  33  31 
46  48  33 
108  42  45 
131  31  52 
155  96  51 
167  03  33 
178  57  31 
200  49  31 
208  13  59 
218  11  56 
274  25  14 
317  03  01 
327  41  11 
331  21  36 
340  43  03 
351  26  28 

MiU$. 
70  2684 

Son  Luis  Peak 

79.6478 

Agency  Peak 

5.1.7261 

Unoompahgre  Peak 

85.  .^83 

Snow-mass  Mountain 

42.2966 

La  Plata  Moantain 

10.9376 

Massive  Moantain 

19.9659 

Mountain  of  the  Uolv  Cross 

38.4013 

Mount  Powell 

57.6647 

Monnt  T.iTMVtIn ,, ,.,      ^x.^x.    ^    .    a. 

31.5288 

Torrey's  Peak 

56.3247 

Mnant  EvanH . . , , 

58.4470 

Pike's  Peak 

69.0670 

Gre^n  Hfirn  ^"'lOtiltn ...    ^xx        .                x                    xx.    a. 

101.2664 

Monnt  Rito  Alto 

57.  4248 

Hunt's  Ppak 

42.  49H3 

Mouut  I*rinc€ton 

12.  r056 

Mount  Ouray 

34. 98J5 

19  a 
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KMBCfl. 


Homit  Rito  Alto 

Hnnt'sPeAk 

)fooiitOara> 

MoDDt  PriDceton 

Moant  Hanrard 

Monnt  Lincoln 

TOrrey'rtPeak 

ICoant  Evans 

LoLg^aPeak 

Voiuit  Horriflon 

If orthweat  comer  slgnal-honae  on  Pike's  Peak 

Fisher's  Peak 

West  Spanish  Pesk 


AshMathA 


o      t    n 

JTilM. 

4S15n 

57.6416 

57  M» 

08.0796 

«8  06  9U 

70.0941 

84  SO  It 

61004 

»5  14  0« 

6BL6010 

12155  39 

67.3300 

143  16  48 

60.2630 

148  15  51 

60.1066 

102  50  19 

in.  1415 

170  43  35 

67.6698 

306  15  21 

aosii 

345  01  10 

124.  M98 

358  26  36 

10L0347 

Jzimutha  and  dtBtanceBfrom  Mount  Ouray  Uh— 


Names. 


Conejos  Peak 

SammitPeok 

Station  S8 

South  Rivor  Peak. ... 

San  Lnis  Peak 

8  atino  33 

Uucompahtnv  Peak. . 

Af^encv  Peak   

West  Elk  Peak 

Soow-masB  Moantain 

Moant  Harvard 

Ptke'sPeak 

Uont'sPeak 

North  base 

lloont  Rito  Alto 

Went  Spaninh  Peak. . 

Blanca  Peak 

Sf4iiion  %\ 

Station  S4 


Asimntha. 

DMuMse^ 

o      t    n 

JfVbv. 

13  43  04 

Mil  4906 

10  23  16 

7a  2971 

26  34  28 

8a6946 

35  26.^7 

71.6916 

52  12  03 

4a806O 

54  17  11 

46.9518 

70  36  20 

7L5130 

73  48  47 

86.3576 

111  24  14 

96.5627 

136  50  11 

66.1018 

171  30  01 

34.9605 

245  21  30 

7a  0541 

200  08  54 

1&3004 

S97  13  31 

14.4470 

298  43  16 

291 0479 

310  39  09 

99.66r8 

325  05  44 

7a  8794 

307  09  50 

12.1158 

357  04  55 

&7509 

AzimuihB  and  distances  from  Station  24  to — 


Names. 


Conejos  Peak 

Summit  Peak 

Station  98 

SoQth  River  Peak . . . . 

San  Lnis  Peak 

Station  33 

ITneompnhcre  Peak.. 

Agencv  Peak 

West  Elk  Peak 

Snow-miua  Moantain 

Monnt  Oiimy 

Hnnt'sPrak 

Monnt  Rito  Alto 

Station  23 

Crcstoiio 

Clayton  Cone 

WoAt  Spa:)inh  Peak  . . 
Blanca  Peak 


Azimatbs. 

Distances. 

o     /    // 

MOu. 

ir,  13  16 

74.0074 

21  S0  46 

72.0972 

92  21  37 

32.9nr8 

39  04  01 

66.4614 

.'19  13  41 

45^2855 

61  45  24 

43.6658 

75  55  21 

oasoos 

84  30  19 

.15.4229 

117  19  30 

50.6608 

140  20  36 

71.3875 

177  05  09 

6.7502 

254  47  34 

15.3527 

2!%  01  41 

26.1464 

298  51  53 

7. 1124 

305  25  39 

42.4108 

307  U  09 

12.5249 

313  58  44 

9a6302 

321  57  37 

65l2514 

.1 
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AMmmih§  amd  dJttamcMfirom  SiaUam  23 


Kames. 

Airfmntha 

Dlstaaots. 

8tellaii88 .a... ....... 

44  98  08 

66  30  00 

60  08  06 

79  43  45 

119  01  36 

147  16  48 

899  06  SO 

940  98  56 

980  49  35 

981  85  13 
317  58  18 

34.1601 

flanlrntePMk 

49.9994 

8tall»n33. 

47.6940 

TTBmniNihcni  PMk 

73w9568 

ffHtttlon84.Tr 

7.1194 

Ifomit  Otiray 

18.1196 

HnnVt  Peak" 

11.3806 

irortkbue 

7.2813 

Booth  Imm 

8.9065 

XoontBltoAlto 

19.8785 

OlaiiTtoii  Cone 

5.5831 

AjgimuihB  and  dUtamee$ftrom  Clayton  Cone  to— 


Kanwv. 

• 

AsiBiiithB. 

Difltanoet. 

8taftkm94 

O     1    n 
98  44  37 
138  08  98 
196  81  13 
808  49  58 
838  59  06 
968  49  15 

MOst, 
18.5850 

fitaUon83. r 

5.5831 

Iforthbaae 

8.1140 

Haiit*<i  Pffak .......w. ............... .- 

V2, 5760 

fhinth  iMMe 

5.0178 

K^qTff  Blto  Alto .T...T.... ., 

15.1685 

Ajfimuiki  and  diatanoeB  from  north  omd  of  San  Luia  ba§e  to — 


NaiDM. 


CfeytonCoiie... 

Station  83 

MofOBtOaTmy .... 

Hunt's  Peak 

Hoimt  Rito  Alto 

BlaiieaPeAk 

SontklMMe 


Asiiiiiitha. 


o      f     M 

18  19  00 
60  30  46 
117  88  SO 
810  49  57 
300  80  50 
331  58  16 
340  49  87 


Distanoeo. 


IfilM. 

a  1149 
7.9813 

14. 4470 
4.5304 

14.6106 


5.399955 


Azimutha  and  distances  from  south  end  of  San  Luis  Ikuo  to— 


Namea. 

Arinintb^ 

Distanooa. 

Olayton  Cono 

O      1     II 

58  58  06 
100  58  38 
160  50  40 
183  30  36 
88154  41 
330  90  04 

MOes. 
5.0473 

Station  83.................... 

8.8065 

yorthbaae 

5.399955 

ITiiPt*#Peftk . 

9.0078 

If oant  Rita  Alto 

1L0787 

^iMF^Poak 
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Asimutkt  and  dUtanemfrom  HunV$  Peak  to— 


KaniM. 


SonthlMiae 

Clayton  Cone 

GoneJotPeak 

SammitPeak 

North  boae 

8UtionSd 

Station  83 

Sao  Lain  Peak 

Station  33 

8Ution24 

Mount  Ouray 

Mount  Harvard 

Mountain  of  tho  Holy  Croas 

Mount  Limmln 

Torrey'sPeak 

Pike's  Peak 

Mount  Kito  Alto 

BlancaPeak 


Astonitha. 


O      «     M 

MOm, 

3ao» 

i.O0flS 

8S49  14 

18.5760 

M34  93 

88.e4il 

30  13  04 

65.aew 

30  51  33 

4.3301 

45  41  06 

4Su5unr 

49  10  Itf 

1L38M 

03  19  18 

00.8MI 

65  18  88 

fi8L71» 

74  57  44 

U.S5I7 

100  19  18 

ISwSBM 

151  35  10 

48.4808 

150  08  38 

178  85  19 

67.3870 

184  89  13 

836  49  58 

50.0755 

317  38  35 

15^8803 

335  33  54 

oauseo 

Azimuths  and  distances  from  Mount  Bito  Alto  Uh-^ 


Names. 


Conejos  Peak 

Summit  Peak 

South  River  Peak.. 

Station  28 

Sou  Luis  Peak 

Stations! 

Uncompabgre  Peak 

Clayton  Cone 

Agvncv  Peak 

Statiun33 

Sooth  biwe 

Station  34 

Mount  Ouray 

North  I)a.*o 

HuntB  Peak  

Mount  Harvard 

Mnnut  Li  ncoln 

Torrey'B  Peak 

Pike's  Peak 

CreHtono 

Bianca  Peak 


Aainiatha. 

DiatauM. 

o     f    n 

MUM. 

35  09  54 

7a  1410 

40  57  88 

7e.9«09 

56  46  10 

ea3iix3 

64  31  3d 

47.5060 

76  17  50 

6\9900 

78  80  56 

65^0096 

84  16  33 

93.4435 

88  55  3b 

13.1085 

03  54  44 

6a  5118 

101  35  40 

19.3785 

103  03  05 

11.0737 

106  18  51 

86.1464 

119  00  41 

99.0480 

130  29  27 

14.6108 

137  45  3H 

15.3tiU3 

148  03  17 

57.4348 

166  19  26 

177  59  31 

331  48  0.) 

57.6416 

331  47  00 

19.  '397 

341  36  04 

4IL674I 

Azimuilis  and  distances  from  Bianca  Peak  to — 


Names. 

Azimuths. 

DistBBoes. 

C^oDi'los  Peak ................................................ 

o      1    n 

7153  15 
77  09  IS 
flO  17  57 
110  04  43 
113  :m  37 
133  54  17 
143  24  2U 
145  33  03 
155  49  53 
ini  36  03 
1G8  32  45 
195  16  58 
293  03  2«» 

397  en  09 

31H  17  41 
3:12  10  17 
344  08  29 

MiUs. 
63.9059 

Hammit  Peak 

68.38M 

South  River  Peak 

83.0941 

Saa  LuiM  Peak 

84.0009 

Station  3>J 

G-1 46.'i3 

A  erne  V  Peak 

^.4401 

Station  24 

6.\3S14 

Mount  Ouru V 

7(».  87*1 

Hunt's  Peak 

CO.  9.'i^ 

Mount  Kito  Alto 

46.6741 

Cre«tone 

27.3953 

PikcH  Peok 

KaMt  Spanish  Peak 

33.5634 

W e-^t  Spaninh  Peak 

30.39i23 

Trinoht ra  IN-ak 

2(^5818 

Cnlebra  IVak 

3.\  45t'l 

Costilla  lN;ak 

53.2960 

WILBOX.] 
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Atinuiiki  and  duUnoetfram  Station  S8  to — 


Xaines. 


CoiMjotPeak 

felaiDinit  Peak 

Sonih  River  Pe»k 
SuLaisPeAk... 

8taftkm33 

AKency  Peak 

west  Elk  Peak  . . 
Moant  ilanrard.. 
M  oDnt  Ouray ...., 

Station  94. 

Station  93 

Bnnt'sPeak 

If  onnt  Uito  Alto. 

Crcatone , 

BboioaPmik 

ColebnPeak 


Azlrontha. 


O       I      II 

9  07  47 
19  16  37 
45  9J  19 
109  15  91 
108  53  05 
144  04  19 
147  11  IH 
189  45  00 
906  99  43 
919  09  3d 

994  09  99 

995  19  01 
944  09  36 
966  19  97 
991  53  39 
306  03  94 


Diataooea. 


IfOw. 
43.5849 
40.1993 
33.9197 
91. 7661 
99.0917 
3^986tf 
65.5^97 
70.9664 
3a«»46 
39:9806 
34.1601 
45.&197 
47.5060 
59  3175 
09.4639 
09.5860 


Azimuths  and  distances  from  Agency  Peak  to— 


Kamea. 

Asimntha. 

Diatonces. 

Station  33 

0     1       It 

10  06  56 
35  09  09 
66  53  47 
149  37  43 
169  34  54 
913  19  47 
995  43  04 
953  94  35 
964  05  55 
973  13  19 
309  03  05 
393  51  S3 

17.5663 

Rio  Oran'^A  Pyir«Mn  W T,.T.,-x.TT,r... ...,.,,.....,.  ----,.,,»-.... 

50.0190 

Unoomnahcre  Peak 

3&9717 

Wfiat  Rlk  Peak 

35.5969 

Snow-niasB Monntain ax.  ^ax x.  ^x 

50.9598 

if^iqnt  Harvard  - 

53.7961 

If  oont  Princeton  ......r............... 

47. 1014 

IfoQPt Onray  t,, .........................rr 

36i3576 

BtsUon  94. 

&\4999 

Konnt  Rito  Alto 

60.5119 

BlascaPeak 

89.4401 

Station  98 

39.9860 

Azimuths  and  distances  from  Culehra  Peak  to — 


Namea. 


Costilla  Peak 

Station  81 

Banded  Peak 

ConeJoaPeak 

SammitPeak 

San  Lola  Peak 

Station  98 

Station  94 

lionntOaray 

BlancaPeak 

Creatone 

Trincbera  Peak .... 
IVeat  Spaoiah  Peak 
Saat  Spaoiah  Peak. 
FiaheraPeak 


Azimotba. 

Diatanoee. 

0      1      II 

MOet. 

5  59  57 

90.0109 

86  93  13 

79.9959 

89  33  98 

79.5995 

98  57  55 

77.9461 

101  09  45 

84.  -i791 

199  95  09 

119.8496 

196  59  58 

99.5860 

146  01  48 

147  56  96 

159  91  19 

35.4561 

159  98  47 

185  48  13 

11.5657 

911  08  19 

90.4966 

918  00  08 

93.7373 

979  08  98 

39.9836 

Azimuths  and  distances  from  Fisher's  Peak  to — 


Namea. 


CoatillaPeak 

ColebraPeak 

Trinchera  Peak 

"Weot  Spanish  Peak 
Knot  Spanish  Peak. 
Pike*aPeak 


Aximntba. 

Diatanoca. 

O      1     II 

MUst. 

66  46  05 

45.8643 

99  34  40 

39.9836 

108  58  01 

40.9069 

193  17  06 

34.9867 

198  59  40 

39.4056 

165  99  08 

194.9498 
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Azimuih$  amd  dUtanoet/nm  SwmmU  Peak  to — 


KaoMt. 


TXtePMik 

HMp«Ti»Peak 

PagoMiPcak 

Bio  Grande  Pyramid 
Hoath  River  Peak. .. 
Uooompabgie  Peak . 

San  Lois  Peak 

ikatioD  S8 

Mount  Oaray 

Station  24 

Hnnt'flPeak 

Moant  Rito  Alto 

Creatono 

BlancaPeak 

TriDohera  Peak 

CalebraPeak 

Costilla  Pfak 

Conejoa  Peak 

BaodedPeak 

StaUonSl 


AirfmnUii. 


O       I      M 

88  19S9 
Wit  14 
107  99  07 
190  95  87 
U4  38M 
140  OS  M 
103  44  S9 

ivoioao 

190  OS  93 
901  00  10 
900  45  99 
990  99  S3 
934  40  40 
9S6  94  90 

979  94  93 

980  14  54 
993  19  19 
301  34  43 
347  13  01 
350  04  95 


MOm, 
114. 
1018418 
tL3445 
44.4SS4 
91.9005 


4&1« 
401 IW8 
18  9871 
11.0879 


18.9108 
ICOTT^S 
08180.1 
N^4815 
84.1791 
88  6781 
&1411 
17.3064 
2L7I47 


Agimuiha  and  di8tanoe$from  South  River  Peak  to-^ 


Xamea. 


PtHSona  Peak 

Ilesperis  Peak 

Bio  Grande  Pyramid 
Uncompahgre  Peak. 

San  Lais  Peak 

lionnt  Ouray 

Station  24 

Station  98 

Mount  Rito  Alto.... 

BlancaPeak 

Summit  Peak 


Asimutlia. 


o     r  u 

Milm. 

87  34  3tf 

9L3448 

81  90  57 

61.4087 

108  09  45 

93.8(n8 

149  41  43 

43.9901 

185  30  93 

96L987t 

914  96  90 

1L0918 

918  35  53 

66.4614 

994  07  10 

33.9197 

336  01  01 

8a  3793 

96U  93  14 

89.0041 

314  98  17 

91.9G05 

Azimuths  and  distances  from  San  Luis  Peak  to— 


Names. 


South  River  Peak... 
Rio  Grande  Pyramid 
T7ncoiiii>abcre  Poak . . 

West  Elk  Peak 

Snow-maHS  Mountain 

Station  33 

Mount  Ilnrrard 

Mount  Ouray 

Station  24 

Hunt's  Peak 

Station  33 , 

Mount  Rito  Alto 

Cro8tone 

Station  38 

BInnca  Peak 

Cnlebra  Poak , 

Conejos  Peak 

Summit  Peak 


Atimutha. 

Dlstaarea. 

O      /      If 

Milm. 

5  39  06 

9&Sei71 

SO  07  49 

39L9946 

101  36  90 

90.5410 

163  58  40 

.^9L4865 

174  41  93 

784090 

189  34  97 

8  5444 

90A5.130 

19.6478 

931  45  49 

4&HH0 

33&47  08 

45.9855 

943  49  31 

00.9109 

945  56  46 

40.9904 

355  34  33 

63.99C0 

370  39  49 
383  00  51 

81. 7W1 

989  11  39 

84.00('O 

301  31  07 

113.t^i!6 

337  34  13 

58.03:« 

343  35  55 

45w-<0j3 

wnjMa.J 
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AzimuUu  and  diBtanoei  from  Unoompakgre  Peak 


KanMi. 

Asimntha. 

Diatanoea. 

HMperlsPdftk ?. 

O     f    // 

38  33  10 

61  09  88 

75  33  01 

105  13  50 

163  33  81 

166  36  04 

196  84  06 

197  39  98 
986  05  56 
946  38  00 
819  50  88 
855  09  19 
958  50  55 
963  18  80 
876  10  50 
961  16  50 
319  33  87 
383  84  08 
351  57  17 

JCOm. 

5&1890 

Koant  Wilson .• 

3;L0ttA9 

Ifioant  Snvffola.... 

16.6016 

Monot  Peale i 

99.39011 

Leon  Peak 

79:5111 

Koith  M«m  Peak 

9JL9BiM 

Snow-maiM  Mountain 

7Sm€0 

Weat  Elk  Peak 

46.7881 

If^nint Harrard 

85^3480 

AffeocT  Pftak 

39l8717 

Hoant  OnraV 

7L5U10 

Station  94 

09.8995 

Station  83 

75.8589 

Monnt  Rito  Alto 

93w4435 

Station  33 

San  Lnis  Peak « 

89.5410 

65.0350 

Sontb  Siver  Peak 

4J.9861 

97.8963 

Azimuths  and  distances  from  Bio  Qrande  Pgramid  to— 


Kamea. 

Asimntha. 

Diatanoea. 

Moont  Wilaon 

0     1     II 

79  98  47 
135  45  06 
171  50  51 
914  49  55 
989  50  50 
987  47  43 
300  99  57 
318  18  00 

JTOm. 
34.6039 

linnnt.    Sneffvl* r ^,-,-,^ ,..,,...,..,.,,.,,,.,    .-...,.r.Trr.,,,,...,.r 

31.9700 

Uncompatagre  Peak 

97.9963 

Agoncjr  PBAk , , ,,^ ^- ^^,^,,^,.,,,,,,,, 

50.0190 

Son  Lola  Peak 

38.9846 

SonUi  Biver  Peak 

9  L  0809 

Sammit  Peak 

44.4354 

Pagoaa  Peak 

94.1658 

Azimuths  and  distances  from  Hespcris  Peak  to — 


IT^amea. 

AKlmutba. 

Diatanoea. 

San  Jnan  Needle ..............................................«r 

O       1      II 

38  30  35 
73  51  09 
110  13  46 
1J8  01  15 
163  80  35 
190  30  54 
908  41  51 
818  10  11 
944  18  10 
961  15  07 
969  41  48 
874  91  07 
985  43  31 
988  35  57 

Mikt. 
66b  5090 

Trt«PMtk - ...r.      

38.55*5 

AbiduPeak 

80.  Ibil 

"Mnnnt  Pealo. ............... .......ir.. ...... .......^. ........... r,-,,-rrt- ^ 

99:6063 

jjoneCkmo 

31.8035 

Moont  WiJaon 

87.7080 

lif  oif  fit  Sn«fle*9 x^TT--,--T-.T.-.^ r T--TT -- 

41.8338 

Unoompahi^re  Peak 

55.18a0 

M <*xvnt  iEola^  ..r....................................^.....r. ........t.... 

Sonth  Riv»P<Mk - 

61.4667 

Pagoea  Peak 

Snomit  Peak 

76.8418 

BnndfHl  Pwik 

83.7468 

Station  81 

85.1594 

Azimuths  and  distances  from  Abajo  Peak  to — 


Namea. 

Asimntha. 

Diatanoea. 

VOnnt    Peal^.  .,, ......rr..,.rT - ....r. 

O       1     II 

196  58  04 
966  40  51 
969  30  98 
989  93  94 
315  19  16 
336  16  40 

JfilM. 

43.9138 

I>>no  Cove 

6&0793 

Meant  Wilfwn 

80.4906 

Beaperis  Peak 

80.1011 

UtePeak 

5a  6506 

San  Jnan  NcM>d]e  .........                   - -  

86.6881 
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AMimuiJu  and  d'atanoea /ram  ifotmi  PetHe  to^ 


Karnes. 


Abi^oPoAk 

>iorth  Mitm  Teak. . . 

Leon  Peak 

WeetElk  Peak.... 
Unoompahgre  Peak 

llount  Sneffela 

liouDt  Wiiacin 

Loae  Cone 

HoeporUPeak 

UtePeak 


Azimntbe. 


DiatancM. 


o      /    '/ 

17  06  41 
297  50  04 
238  55  19 
259  91  38 
284  08  10 
290  28  23 
301  04  83 
305  14  43 
317  19  07 
342  3C27 


jroft. 

4a*138 
9a  3300 
8&MQ8 
lll.S5i50 
9ILS589 


TB.0£88 
•ft.2t9« 
92.0063 
f&5474 


Azimutka  and  diBtanoea  from  Zone  Cone  to— 


Names. 

Aalmatlis. 

DiataDMS. 

San tTnan  Neodio a....  .....^  axx,.    *     x  x* 

o       t     ft 

21  15  18 
34  40  35 
87  25  18 
125  SO  51 
104  SO  46 
224  41  29 
259  15  35 
S89  59  19 
34J  14  27 

MUM. 
88l7630 

UtePoak 

SQ.S008 

Ab^joPeak 

Mb  0793 

Moant  Pcale 

6Sl2I96 

T/Oon  Peak 

8S.1437 

Went  Elk  Peak 

81.0906 

Moont  Sneffels 

26.5310 

Meant  Wilfloa 

14. 8131 

Heeperis  Peak 

31.8935 

Asimuths  and  distances  from  West  Elk  Peak  to^ 


Names. 


Asimnths. 


ITncompahjn*o  Peak . . 

Honur  Sneffels 

I^one  Cone   

Mount  Peiilo 

Leon  Peak 

North  Mam  Peak 

Sopris  Peak 

Snow-mass  Monntoin 

Moont  narvnrd 

Monnt  Piinceton  . . . . 

Mount  Ouray 

Button  24 

Station  an 

Aj^ncv  I*eak 

San  Luis  Peak 


o       t     It 

17  49  39 

33  31  56 

45  34  51 

80  41  34 

125  5i  43 

142  21  19 

181  55  12 

194  90  49 

S53  00  34 

19  11 

47  47 

296  42  52 

326  46  51 

329  25  35 

343  48  49 


267 
290 


Distancaa. 


Mile9. 

46.7881 

5&8289 

81. 05(6 

111.. 5550 

4*.  7&~.0 

5&4113 

37.6256 

41.0908 
56.5627 
59.6608 
6&5t!97 
35.5269 
52.4865 


Azimuths  and  distances  from  Snow-mass  Mountain  to — 


Names. 


TTncompahgre  Pt^ik 

North  Mam  Peak 

Sopris  Peak 

Monnt  Powell 

Mountain  of  the  Holy  Cross 

Monnt  Lincoln 

Monnt  ITarvord  

Mount  Ouray 

SUtion24 

Agency  Peak 

San  Luis  Peak 


Distances. 


Mile*. 
7.'V.  3180 
46.6n.'» 
]1.6.'V.33 
58.ei|i06 
39.  4744 
53. 6724 
42.2966 
66.1018 
71.3875 
59.2528 
78.4099 


wnaoN.] 
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AzimHtks  and  dUtauoeBfrom  Leon  Peak  io-^ 


Names. 

Aalmutbs. 

Diatancea. 

ICooDt  Wilflon 

O       1     II 

583  55 
15  19  iiO 
59  51  82 
176  49  89 
8SOS0  17 
305  88  86 
843  19  04 
357  49  30 

MUes. 
e5.0096 

Lone  Cone 

85^  1437 

Ifoont  Peale -.. 

86.(808 

North  Ham  Peak 

• 

81.31M 

SOpriePcok 

38.0281 

West  Elk  Peak 

4-17630 

Uoeompfthin^  Prak 

72.5113 

Mount  Snelfok 

74.91300 

Azimuths  and  dietanoes  from  North  Mam  Peak  to— 


Namea. 


MonntPeale.. 

Hoant  Powell 

Monntnin  of  the  Holj  Croaa 

Sopria  Creek 

Bnow-Dnaa  Moontoin 

Weal  Elk  Peak 

Uncoaapahgra  Peak 

LeooPeak 


Aaimntba. 


O       I      II 

48  45  43 
851  57  09 
865  17  15 
888  44  87 
893  03  80 
331  56  07 
346  80  55 
356  48  40 


Diatanoea. 


Mittt. 

9a  3309 
8a.  4079 
74.85ftl 
37.9134 
46.6940 
9a4113 
03.8681 
91.8190 


CHAPTER   II. 


METHODS  OP  TOPOGRAPHICAL  FIELD  AND  OFFICE  WOBK. 

The  secondary  triaDgalatioa  was  carried  on  by  the  topographers,  in 
connection  with  the  topographical  work,  with  small  theodolites  reading 
to  minutes  of  arc,  and  carrying  powerfal  telescopes ;  the  secondary 
triangles  summed  up  with  a  mean  error  of  closure  of  about  two  minutes. 
As  this  work  was  constantly  checked  by  the  primary  points,  the  errors 
could  not  accumulate  sufficiently  to  be  perceptible  on  the  maps. 

The  to|)ographical  field  work  was  carried  on  in  the  following  manner: 

First,  the  region  of  country  to  be  surveyed  was  divided  as  nearly  aa 
possible  by  natural  boundaries  into  areas  sufficiently  large  to  employ  a 
party  the  whole  season. 

Before  taking  the  field,  the  topographer  supplies  himself  with  all  tho 
information  possible  as  to  character  of  country,  &c.,  and  collects  all 
the  old  maps  that  might  give  any  idea  of  the  existing  trails,  roads,  or 
places  whei'e  supplies  may  be  obtained.  Each  field-party  is  composed 
of  a  topographer,  geologist,  assistant  topographer,  and  sometimes  a 
botanist  or  zoologist  accompanies  them ;  these,  with  a  cook,  and  two  or 
three  packers,  complete  the  party.  The  geologist  and  topographer  work- 
king  in  concert  make  a  general  plan  for  the  summer  campaign,  and 
equip  themselves  with  all  the  necessary  instruments  and  supplies. 

On  reaching  the  district,  they  select  the  first  commanding  point 
and  ascend  it;  on  reaching  the  summit,  the  topographer  sets  up  his 
theodolite,  while  the  assistant  hangs  up  the  barometer. 

The  topographer  proceeds  to  make  a  careful  drainage  sketch,  on  which 
he  indicates  all  features  of  note,  while  the  assistant  makes  a  care- 
ful profile  sketch  of  the  entire  surrounding  country  on  a  large  scale. 
Upon  these  sketches  are  marked,  by  numbers  or  names,  all  the  i^oints 
to  be  sighted,  or  in  some  cases  the  angular  readings  are  placed  upon  the 
sketches. 

After  this  is  done,  all  peaks,  points,  ends  of  spurs,  junctions  of  streams, 
in  fact  every  recognizable  feature  of  the  surrounding  country  are  sighted, 
and  the  angles,  both  horizontal  and  vertical,  recorded  in  a  book,  with 
their  numbers  or  names  appended. 

From  this  first  station  are  selected  a  number  of  points  occupying 
commanding  positions,  as  points  to  be  occupied  as  future  stations,  and 
so  on  from  each  station  there  would  be  constantly  selected  points  in 
advance,  on  which  stations  were  to  be  made. 

After  finishing  the  work  on  the  peak,  the  party  proceeds  to  the  next, 
and  there  repeats  the  sketches  and  angles,  taking  great  care  to  check 
every  previous  sight  possible,  and  taking  all  the  new  points  that  come 
within  range. 

Thus  from  day  to  day  tho  country  is  sketched  from  every  possible  point 
of  view,  and  the  points  are  each  time  sighted,  giving  many  checks  to  the 
location  of  all  the  more  prominent  features  of  the  country. 

The  mountainous  regions  of  the  country  west  of  the  Mississippi  River 
are  generally  very  favorable  to  this  kind  of  work.    Nearly  all  the  mount- 
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ftin-peaks,  especially  near  their  summits,  are  destitate  of  timber,  while 
the  valleys  are  uniformly  so,  the  timber  in  nearly  all  cases  growing  on 
the  slopes  of  the  monntaios. 

Therefore,  from  the  mountain-peaks  the  drainage  of  the  country  is 
clearly  visible  and  sharply  defined.  Thus  the  topographer  is  often  able 
to  trace  the  meauderings  of  a  stream  for  many  miles,  as  it  recedes  over 
the  distant  plains  or  valleys. 

To  do  this  class  of  topographical  work  successfully,  requires  a  man 
with  a  natural  faculty  for  the  recollection  and  recognition  of  objects 
which  he  has  seen  from  different  positions,  especially  in  a  high,  rough, 
mountain  country,  where  so  many  points  are  visible  from  one  peak, 
and  where  they  undergo  great  changes  in  appearance  as  seen  fit>m  differ- 
ent positions. 

Yet  this  faculty  may  be  cultivated  to  a  wonderful  degree  when  the 
person  is  very  careful  and  studies  the  relative  positions  of  things,  and 
tbe  individual  forms  and  characteristics  of  mountflin  structure.  It  is 
very  much  the  same  faculty  that  is  required  in  recognizing  faces,  for  each 
mountain  has  its  features  and  individual  forms.  It  also  requires  men  of 
great  physical  endurance  to  carry  on  such  work,  owing  to  the  many 
difficulties  and  dangers  that  are  met  with  in  ascending"  so  many  rough 
and  high  mountains,  without  any  previous  knowledge  of  the  country. 
The  traveling  is  often  difficult  through  these  unknown  regions,  where 
there  is  neither  track  nor  trail  to  guide  in  the  selection  of  a  route,  and 
where  one  is  compelled  by  the  nature  of  the  work  to  reach  certain 
points. 

BBTBBMrNATIONS  OF  ALTITUDES. 

The  altitudes  have  been  determined  with  mercurial  barometers.  Each 
party  is  generally  supplied  with  two  barometers,  and  with  extra  tubes 
and  fixtures  with  which  to  repair  any  breakage,  that  may  occur.  Base 
barometers  have  been  established  at  various  points  over  the  Territory, 
always  as  near  the  district  in  which  the  work  was  being  carried 
on  as  practicable,  which  was  often  at  a  greater  distance  than  was  de- 
sirable, the  parties  often  working  far  beyond  the  borders  of  civilization. 

The  heights  of  the  mountain  stations  have  been  constantly  checked 
by  a  system  of  vertical  angles  between  all  occupied  points,  thus  bind- 
ing the  whole  together,  so  there  are  but  few  points  dei)ending  upon  a 
single  reading  of  the  barometer  for  their  heights,  except  the  valleys 
and  such  places  as  could  not  be  thiis  checked.  I  give  below  an  extract 
from  the  report  of  Mr.  Franklin  Bhoda  (who  was  my  assistant  during 
the  summer  of  1874),  which  will  serve  to  illustrate  the  method  of  con- 
necting the  points  by  vertical  angles : 

^^  METHODS  USED  IN  DETEBMININO  THE  ELEVATION  OF    POINTS. 

<<A11  the  elevations  given  in  this  report  depend  upon  readings  of  a 
mercurial  barometer.  Where  a  standard  barometer  whose  elevation  is 
well  determined  is  within  a  short  distance,  this  instrument  gives  a  very 
good  determination  of  elevation.  In  the  past  summer,  however,  it  was 
quite  impossible  to  establish  a  base  barometer  in  the  vicinity  of  the 
region  surveyed,  without  great  expense.  All  the  readings  had  to  be  re- 
ferred to  distant  sUitious.  Readings  on  high  peaks  were  referred  to  the 
Signal-Service  barometer  on  Pike's  Peak  at  an  elevation  of  14,147  feet 
above  the  sea,  while  readings  on  all  points  under  12,000  feet  were  referred 
to  the  barometer  of  the  United  States  Geological  Survey  at  Fair  Play, 
whose  elevation  is  9,9u4.5  leet.    The  first  of  these  is  150  miles  distant 


y/f  IfVA'hm    f:MTKlJ   KTATE8   GEOLOGICAL   SUSTZT. 

tu  it  ^»fai(/llf  Uui'.  from  thi*  cr'ritnil  part  of  the  San  Joas  euwauy,  wtiSe 
fjii  Ai'iv/rii|  in  J2'«  rnifirM  fiiht;irit.    Th^Kfi  (JiHtaiices  are  too  grvac'tognv 
iiSi.hiASi'  fi-nfjlif.  %%itli  t.lii*  l>;iroriiift<?r.    At  He  vera]  points  in  the  n^m 
kn»«A'i'iUu\  \u  vt'\\\t%[i^  two  n'tMliri^H  ut  the  name  point  at  iDtemdb«f 
I'lifl 'Im'/H,  l#fjt  hiKliniiC  that  the  reHiiltin^?  lieightA  as  calculated  bj  icf> 
iii'iif'4'  to  fhohi'  iltntant  hiifU'M  did  not  Hj^riH)  well  encash,  it  was  moSvYd 
\»t  ti,\\vt'\   foppi'.thi'f  all  the  data  poNNible  from  the  field-notes  and  tee  if 
h.  \it\t  fi)f/ofMfiiM'liie.  eoiiiieetjoii  between  the  mountain-peaks  eoald  DOC 
*#!'  I'nttihlinhi'il.    The  fi'Hiilt  waH,  under  the  circnmstances,  bighly  satis- 
fMf'iofv      It  iniiht  111*  renieinlNM'ed,  however,  that  the  instra meat  osed 
ii'Md  only  to  inihiileN  of  an;.    HuppoHin^;  an  error  of  a  miuntein  a  read- 
\u\f,  whiili  In  iiotatall  iiiiconinion,  the  remil  ting  error  in  the  differeDce  of 
Ir.i'i'l  fit  Ivvfi  pnahn  IVoin  a  Niii^le  obsiTvation  will  be  15^  feet  foradis- 
liiiiir  III'  Ml  ntilfh  mid  *X\  I'eet  Itir  a  illHtaiiee  of  15  miles.    If, as  is sonie- 
Ihiien  llii^  eiiMi',  the  ertiir  be  more  than  «)ne  minute,  the  error  in  theele- 
viiMiiii  Mill  be  null  |*i-ealer.     Another  large  and  uncertain  element  in 
llin  piiiblem  In  ielVa«'llon,  whieh  in  the  high  mountains  is  so  chang 
lile  an  hi  ndil  iiiiieh  h»  the  uneertainty  of  tlie  results.    In   many 
jlin  iibtiei  valiiiiiH  were  taken  during  storms,  and  often  the  peaks  were 
tol|(hii'd  IIiiommIi  breaks  in  the  elouds,  making  the  refraction  still  more 
uiiieiiaUi      Kreui  eueh  Niatum  angles  ot  elevation  or  depression  were 
tiiliiai  III  like  huttonnduig  |ieaks,  and  es|Hvially  to  previoas  stations. 
Iliid  ihi«  biteiiiKhi  and  backsights  U^tw^HMi  the  several  stations  been  sim- 
MllmKHMin,  (he  eiiiM'  oi  the  ivtiaetion  eorrtvtion  would  have   been  veiy 
iMiiiU  iMMiiiiili'Td  ,  l»ui  these  two  sets  ot'oliservat  ions  were  never  taken 
III  I  III!  •Kline  lime,  and  in  enh  one  eas««  on  the  same  day.    From  each  of 
I  wii  >i|.iiiiiii-i  I  iiUmixm  MU'\*tvxled  in  ttnding  s^uue  |)eaks  which  had  been 
.iitjIiltMJ  iiniii  b«»ih      \\  iih  this  nhuenal  on  hand,  thedistances  wereob- 
l.iiiird  hum  Ml    \\  iIhou\  plot  of  his  s^wnid.iry  triangulation,  which  will 
iiui    |iuibiilil\   iinolxe.  in  .i:!\  o.is<e  u$e\i,  ;i  ^rtvater  em>r  than  five-huu- 
ditdiln  I'l    I  \\\\U\  \\hw\\  \  ^-'..^vt^'s  rbo  errv>r  due  :o  shiinkage  of  i^aper, 
•I  I  iluio  ill  I  iv«»\VM  uo'.o  .i"  li.i>'./\  T.tkc::  v>:f  faHii  rhe  map  with  a  scale. 
U  i\  III...  iiuvi.  \\w  tuv  o-.'.-t!  J.  >:a:^v  IvCN^twi!  the  cwosfations,  and  the 
.in.-lo  »'i  o\'\  i.ixv'  o:  ,*s  '•.vvx>\»:^  *iv:':  .N'V.o  :Lv  ocher.  of  conrse  thedif- 
ii  ivn»o  *«i  \  \x    X  \  •  Iv.ixM vx*.      1** :.  0  •  Av'wo'jr  of  theerrors  which 

iti\oxt^«'.  v» '.  ..Nv-  «  .;  vvi  •  \-.'  :-o  o.ii:^'  .iS^ve  ru^nti'^ned,  one de- 
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angle  used*  In  this  formula  are  contaiued  corrections  for  both  cnrva- 
tare  aud  refraction,  the  latter  element  being  assumed  eqaal  to  0.078  of 
the  carvature.  On  examining  the  notes  carefully  it  was  found  that 
there  were  sights  to  many  hundreds  of  different  peaks,  and  it  became  a 
difScult  problem  to  utilize  all  this  material  and  at  the  same  time  do  it 
according  to  a  system.  After  a  number  of  experiments  on  different 
methods  it  was  found  that  to  bring  order  out  of  this  chaos  it  was  neces- 
sary to  take  up  each  link  in  the  chain  separately,  and  use  all  the  data 
that  could  be  found  pertaining  to  it,  and  determine  the  difference  of 
level  of  these  two  stations  finally.  Next  the  same  process  had  to  be 
gone  through  with  the  line  from  the  second  point  to  the  next  station 
beyond,  and  so  on.  In  doing  this,  it  was  found  that  some  of  these  lines 
were  much  better  determined  than  the  others.  In  finally  reducing  these 
differences  of  level  to  a  common  datum  point,  this  fact  might  multiply 
the  errors  in  the  work.  For  instance,  a  number  of  well-determined  dif- 
ferences of  level  might  be  transferred  through  a  poorly-determined  line, 
thus  vitiating  all  with  the  error  of  the  one.  In  order  to  obviate  this  the 
following  scheme  was  adopted :  A  central  chain  of  well-determined  lines 
was  carried  through  the  heart  of  the  mountain  mass,  from  Mount  Wilson, 
the  most  westerly  of  the  high  peaks,  to  Station  8,  five  miles  east  of  Un- 
compabgre  Peak,  in  the  northeast  corner  of  the  mass.  From  this  main 
line  several  secondary  branches  were  cariied  wherever  the  short  lines 
could  be  well  determined.  This  system  covered  the  whole  mass  of 
mountains.  Other  stations,  which  could  not  be  well  enough  determined 
independently,  were  connected  with  different  points  in  the  main  lines. 
In  the  central  line  we  have  the  following  parts :  From  Mount  Wilson 
to  Station  30,  a  peak  east  of  it  and  distant  9.3  miles,  is  a  fall  of  383  feet, 
which  is  the  mean  of  five  determinations  having  a  range  of  32  feet ; 
thence  east  to  Sultan  Mountain,  a  distance  of  6,SS  miles,  with  a  fall  of 
536  feet,  the  mean  of  six  determinations,  range  23  feet ;  thence  northeast 
to  Station  16,  distant  6.60  miles,  a  rise  of  175  feet,  the  mean  of  nine  de- 
terminations, range  35  feet ;  thence  northeast  to  Handie's  Peak,  7.51 
miles,  a  rise  of  456  f)eet,  the  mean  of  eight  determinations,  range  54  feet ; 
thence  north  to  Uncompahgre  Peak,  distant  11.14  miles,  a  rise  of  238 
feet,  the  mean  of  nine  determinations,  range  49  feet;  thence  east  to  Sta- 
tion 8,  distant  4.92  miles,  a  fall  of  1,380  feet,  the  mean  of  ten  determina- 
tions, range  67  feet.  This  completes  the  central  or  trunk  line,  whose 
length  is  46.35  miles.  From  Sultan  Mountain  a  branch  was  extended 
eastward  from  this  peak  to  Station  25,  distant  10.28  miles,  a  rise  of  209 
feet,  the  mean  of  twelve  determinations,  range  67 ;  thence  to  Eio  Grande 
Pyramid,  distant  8.63  miles,  a  rise  of  197  feet,  the  mean  of  nineteen  de- 
terminations, range  95.  From  Station  25,  a  branch  extends  to  Mount 
Oso,  distant  7.i9  miles,  a  rise  of  64  feet,  the  mean  of  seven  deter- 
minations, range  37.  From  Station  30,  u  secondary  branch  was  ex- 
tended south  and  west.  Station  30  to  Engineer  Mountain,  distant 
6.98  miles,  a  fall  of  926  feet,  the  mean  of  eight  determinations, 
range  22;  thence  west  to  Station  36,  distant  6.76  miles,  a  fall  of 
417  feet,  the  mean  of  eleven  determinations,  range  51;  thence  to 
Station  37,  distant  3.65  miles,  a  rise  of  94  feet,  the  mean  of  five 
determinations,  range  35.  Another  important  subline  extends  from 
Sultan  JVIountain  to  the  northwest.  The  first  link  in  the  chain  is  the 
line  from  this  point  to  Station  28.  The  heights  of  Stations  30  and  16 
above  Sultan  5lountain  having  been  already  well  determined  from  the 
central  chain,  I  made  use  of  all  the  connections  between  Station  28  and 
each  of  these  points,  reducing  all  of  them  to  a  common  point.  The  re- 
sult from  this  was  the  following :  Sultan  Mountain  to  Station  28,  distant 
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7.8G  miles,  a  fall  of  484  feet,  the  mean  of  eighteen  detenninations,  range 
7G  feet ;  tbence  to  Station  9,  distant  3.77  miles,  a  rise  of  324  feet,  the 
mean  of  eight  determinations,  range  43  feet ;  thence  to  Mount  Sneffels, 
distant  5.94  miles,  a  rise  of  952  feet,  the  mean  of  six  detenninations, 
range  36  feet ;  thence  to  Station  34,  distant  6.65  miles,  a  fiill  of  1,161 
feet,  the  mean  of  five  determinations,  range  23  feet.  This  completes  all 
the  well-determined  chains.  Other  stations  on  which  barometric  read- 
ings have  been  taken  were  connected  with  as  many  points  in  the  main 
lines  as  possible,  and  these  being  rednced  to  a  common  point,  a  mean 
was  taken.  Such  points  are  the  following :  Saltan  Mountain  to  station 
10,  a  fall  of  223  feet,  the  mean  of  eleven  determinations,  range  76  feet ; 
Uncompahgre  Peak  to  Station  5,  a  fall  of  1,498  feet,  the  mean  of  ten  de- 
terminations, range  85  feet ;  Uncompahgre  Peak  to  Station  11,  a  fall  of 
3,624  feet,  the  mean  of  eight  determinations,  range  111  feet ;  Saltan 
Mountain  to  Station  51,  a  fall  of  835  feet,  the  mean  of  three  determina- 
tions, range  75  feet;  Saltan  Mountain  to  Station  48,  a  fall  of  1,061  feet, 
the  mean  of  six  determinations,  range  59  feet ;  Handie's  Peak  to  station 
13,  a  fall  of  1,175  feet,  mean  of  fore  and  back  sights,  range  6  feet.  Be- 
sides these,  there  are  two  which  depend  on  single  determinations. 
First,  from  Sultan  Mountain  to  the  point  in  BakePs  Park  where  the 
road  crosses  Cement  Creek  in  Silverton,  distant  3  miles,  a  fall  of  3,961 
feet ;  second,  from  Mount  Sneffels  to  Station  32,  which  is  obtained  from 
sights  to  a  common  point  between  them,  distant  from  Monnt  Sneffels 
2.04  miles,  and  from  Station  32, 3.75  miles,  the  fall  is  5,050  feet  This 
difierence  of  level  is  checked  by  sights  to  distant  points  to  the  sonth  of 
Station  32.  These  two  cases  are  admitted  because  the  distances  were 
so  short  as  to  preclude  the  possibility  of  any  considerable  error.  From 
these  results  a  table  was  made  out  showing  the  heights  of  each  station, 
above  or  below  a  common  datum  point.  Sultan  Mountain  was  selected 
as  the  datum  point  from  its  central  location,  and  also  from  the  fact  that 
it  was  situated  on  the  great  central  chain  of  levels,  at  its  junction  with 
two  principal  sublines.  A  second  column  was  added,  giving  the  height 
of  each  station  as  determined  by  the  single  barometric  reading  taken 
thereon.  A  third  column  was  made  out  of  the  first  two,  by  adding  the 
number  in  the  first  column  to  the  one  in  the  second  when  preceded  by  the 
minus  sign,  and  by  subtracting  it  when  plus.  This  column  represents  the 
elevationvS  above  sea-level  of  Sultan  Mountain  as  determined  from  the 
barometric  readings  at  the  several  stations.  It  will  be  seen  that  the 
twenty-three  results  have  a  range  of  203  feet.  A  mean  of  all  these  was 
assumed  as  the  true  height  of  Sultan  Mountain ;  and  by  reversing  the 
previous  process  and  adding  the  plus  differences  of  height  in  the  first 
column  and  subtracting  the  minus,  a  fourth  column  was  obtained,  giving 
the  elevation  of  each  station  as  reduced  from  the  mean  of  the  twenty-three 
readin j;s.  A  fifth  column  was  added,  giving  the  date  of  each  reading  on 
the  different  stations.  From  this  it  will  be  seen  that  the  observations 
extend  from  August  1  to  October  6— more  than  two  months.  By  exam- 
ining the  table  carefully  it  will  be  seen  that  nearly  all  the  earlier  read- 
ings give  heights  above  the  mQnn  and  the  latter  below  it.  Whether  this 
is  merely  accidental,  or  due  to  some  physical  law,  I  cannot  tell.  It  will 
be  seen  that  several  of  these  stations,  whose  height  relative  to  the  rest 
has  beeu  well  determined,  do  not  appear  in  the  table.  This  is  due  to  the 
fact  that  at  those  stations,  either  from  storms  or  other  causes,  we  failed 
to  get  barometric  readings. 


U.  S,  Geological  Survey, 


^M 


6 


i 

c — 


lO-llC^-/ 


s 


HETaODS  OF  TOPOGSAPniCAL  WOBK. 


.103 


"Namoof  itntion. 

il. 

pi 

i 

!ii 

11 

1 

S 

|| 

■a 

1 

-    fl,7SS 

I  i 

IIB 

It,  331 

Si 
i;;s 

Mi 

as 

13.  <M 

IS 

laIsM 
i3,asj 

11 

13,309 
13,  SM 

15,731 
14.S35 
lOll 

13.311 

13,773 

■iS 

aa 

JJ,rt7 

(MM 

SS 
II 

lisoj 
ia.»i 

An«.  l,lf»n. 

is  S!l!i 

AaR.ll.lgn 
itilSUTj. 

last  IS! 
la  tiia 

-  S,»l 
f       Stl 

■i-    »j* 

-  3W 

8cEL30.l874 
Oct     6, 1KT4 

13, 3M 

"  With  the  elevations  of  these  stations  determiDed,  the  heights  of  on- 
-viBited  points  were  obtained  by  aitplyiag  the  dtffereuce  of  level  as  ob- 
taioed  from  the  vertical  angle  to  the  height  of  the  station  from  which 
the  angle  was  taken.  As  most  of  the  nnvisited  poiats  are  sighted  from 
many  stations,  we  have  for  each  a  nnmber  of  determinatioDs,  of  which 
the  mean  ia  taken.  Many  of  these  points  are  qnite  as  well  determined 
as  some  of  the  stations." 

OFFICE- WORK  OF  THE  TOPOQRAPHEB. 

On  the  return  of  the  parties  to  the  office,  each  of  the  topographers 
colcnlates  and  constnicts  a  projection  on  a  scale  of  two  miles  to  one 
inch,  on  heavy  monnted  drawing-paper.  On  each  ebeet  are  plotted,  by 
latitades  and  longitudes,  all  the  primary  points  that  had  been  located 
in  the  district,  with  a  snOicieDt  namber  of  aecoDditry  points  from  which 
to  plot  the  remainder  of  the  stations,  with  large  eight-inch  cinsnlor  pro- 
tractors reading  to  minutes  of  arc. 

After  locating  all  the  stations,  they  establioh  all  the  points  that  have 
been  sighted  from  the  namerous  stations,  upon  the  sheet.  When  all 
the  points  are  placed  npon  the  sheet  in  the  foregoing  manner,  the  drain- 
age is  located  by  plotting  first  all  points  along  the  streams  that  have 
been  sighted,  such  as  junctions,  noted  l>endB,  &a.,  then  all  the  minor 
details  from  the  drainage-sketches  are  filled  in,  carefully  studying  all 
the  different  sketches  that  contain  the  streams  in  question. 

The  sketches  are  made  on  a  scale  from  three  to  four  times  larger  than 
that  at  which  the  final  maps  are  plotted ;  so  there  is  generally  more  de- 
tail on  the  sketches  than  can  be  repre,sented  on  the  maps.  Plates  XVII 
and  XVLII  represent  these  sketches,  which  are  actual  tracings  from  the 
field-book,  with  the  notes,  &c,  aa  taken  from  Stations  115  and  125  by 
myself. 
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TarDing  to  tbe  sketch,  it  will  be  seen  that  every  junction  and  impor- 
tant bend  is  sighted,  and  that  all  tbe  prominent  peaks  are  indicated  in 
their  relative  positions,  as  nearly  as  could  be  judged.  Comparing  this 
with  the  map  as  plotted  (see  Plate  XXL),  we  find  that  it  is.  somewhat 
distorted,  as  might  be  expected  when  we  consider  that  the  sketch  was 
made  entirely  by  eye.  But  at  the  same  time  it  will  be  seen,  after  all 
the  points  are  actually  located,  that  the  remainder  of  the  drainage  can 
be  sketched  in  very  correctly. 

Now  we  have  the  frame- work  of  the  map  upon  the  paper;  it  is  inked 
in  and  we  are  ready  to  commence  the  drawing  of  the  hill-structure, 
which  we  indicate  by  contour  lines,  each  representing  200  feet  of 
vertical  distance.  By  these  lines  we  give  the  approximate  heights  as 
well  as  forms  of  the  mountains  as  nearly  as  we  know  them,  from  the 
numerous  height  and  profile  sketches  which  we  have  taken  from  every 
occupied  station.  I  will  state  here  that  I  do  not  attempt  in  this  paper 
to  give  all  the  minor  details  of  this  work,  prnposing  only  to  give  a  gen- 
eral idea  of  the  methods  used  in  constructing  the  maps.  First,  all  tbe 
heights  are  calculated  and  tabulated  in  some  convenient  form  for  refer- 
ence. 

Having  our  points  and  drainage  located,  we  start,  for  instance,  with 
the  heights  of  the  points  (a)  and  (h)  (see  Plate  XX) ;  the  difference  be- 
tween these  two  points  we  find  to  be  about  3,000  feet;  the  contours 
being  200  feet  apart,  we  have  fifteen  to  be  distributed  between  these  twol 
points ;  they  are  accordingly  spaced  in  from  the  sketch  nearer  together  1- 
or  farther  apart  as  the  slope  is  greater  or  less.    Next  we  find  the  point 
marked  (9)  to  be  about  the  same  height  as  (&),  and  the  point  on  the  stream 
marked  (5)  to  be  nearly  the  same  as  (a) ;  consequently  wo  have  fifteen  ^ .' 
contours  to  space  in  between  these  points.    But  we  find  from  tbe  height  ^  -^ 
of  (c)  that  five  of  these  come  between  points  (c  and  5),  therefore  coming  -^ 
much  nearer  to  each  other,  as  the  slope  is  greater  than  between  (o  and :  ^ 
9),  where  they  are  nearly  equidistant  from  each  other,  as  the  slope  is 
comparatively  even  and  gentle. 

Now  we  turn  to  the  sketch  from  Culebra  Peak,  which  will  give  us  the  /^^ 
profile  of  the  ridge  from  (0)  to  ((Z),  and  in  tbe  same  manner  space  in  tbe  ^-• 
contours.    Wo  can  now  connect  these  lines,  carefully  studying  the 
sketch,  to  see  bow  deep  tbe  ravines  are  cut,  and  tbe  general  forms  of 
the  ridge  which  lead  from  (0)  to  tbe  valleys  below.    In  this  manner  all 
of  tbe  mountains  are  carefully  drawn  as  we  have  sketches  such  as  are  — 
given  from  Stations  115  and  125  from  every  point  that  has  been  occupied, 
with  tbe  heights  of  all  located  points,  besides  many  more  that  do  not 
appear  as  located  points,  such  as  valleys,  passes,  benches,  &c.    Platesj 
XYIII,  XIX,  and  XX  will  give  some  idea  of  the  field-sketches,  wbiiel 
Plate  XXI  will  show  the  map  as  finished  in  tbe  office,  only  at  a  machj 
reduced  scale.    This  plate  is  taken  from  a  proof  of  the  engraved  sheetJ 
to  illustrate  tbe  result  of  this  method  of  work.  .' 

To  give  some  idea  of  tbe  amount  of  work  that  has  been  done  by  the! 
topographical  corps  in  the  survey  of  Colorado,  I  will  state  that  we  have] 
established  1,280  topographical  stations  within  an  area  of  about  70,000- 
square  miles,  and  from  each  station  all  tbe  surrounding  country  was. 
sketched  as  previously  described.  Mj' assistant  made  ovht  onetboa-' 
sand  pages  of  profile  sketches  during  tbe  field-season  of  1875,  each  page 
being  0  by  10  inches,  while  I  myself  made  some  five  hundred  pages  of 
drainage-sketches,  and  took  the  thousands  of  angles  that  were  necessary 
to  locate  all  tbe  points. 

In  referring  to  tlie  sketches  given,  tbe  system  of  nnmberiug  tbo 
points  may  not  be  clearly  understood.    Turn  to  Plate  XIX,  lor  instance, 
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yon  will  see  there  such  nambers  as  (16-116),  (14r-116)y  (29-116),  fto., 

wbicli  mean  simply  No.  IG  from  Station  115,  No.  14  from  Station  115, 
and  No.  29  from  Station  116.  These  numbers  are  obtained  iu  the  fol- 
lowing manner:  Beginning  at  Station  1,  we  sight,  say,  one  handred 
X^oiuts ;  it  will  bo  seen  at  once  that  there  must  be  some  short  and  effi- 
cient method  adopted  by  which  these  points  can  be  designated  when 
sighting  them  from  the  stations  that  are  to  follow.  To  give  each  a  descrip- 
tive name  becomes  impossible,  owing  to  the  number  and  the  time  it  would 
take,  which  is  a  very  important  consideration  to  the  topographer,  for 
his  time  is  so  much  taken  up  by  the  ascent  and  descent  of  the  mount- 
ain that  he  is  compelled  to  economize  time  in  every  possible  manner. 
Each  point  is  numbered,  commencing  with  one;  these  numbers  are  placed 
on  the  sketches  over  or  by  the  point  to  be  sighted,  and  when  the  angles 
are  taken  and  recorded,  the  number  of  the  point  is  placed  after  its  angle. 
From  the  next  station  as  you  sight  the  points,  place  the  same  number 
after  the  angle,  but  instead  of  the  simple  numbers  write  (1-1),  (2-1), 
(3-1),  which  signify,  as  before  stated,  point  1  from  Station  1,  point  2 
from  Station  1,  &c. ;  and  this  designation  or  name,  as  it  may  be  called, 
is  always  used  thereafter,  except  where  they  are  afterward  occupied  as 
stations;  it  is  then  more  convenient  to  substitute  the  number  of  the 
station  in  place  of  the  old  one. 

Any  new  points  sighted  from  Station  2  are  numbered  again,  com- 
mencing with  one  as  before,  and  these  become  (1-2),  (2-2),  (3-2),  and  so 
on  from  station  to  station  as  above,  (16-115),  (14-115),  the  first  number 
always  referring  to  the  number  from  the  given  station,  while  the  second 
gives  the  number  of  the  station. 

This  system  of  numbering  was  originally  developed  by  myself,  and  I 
have  used  it  for  several  years  in  connection  with  this  class  of  topo- 
graphical work,  and  find  it  as  short  and  at  the  same  time  as  com- 
plete a  system  of  giving  names  to  the  many  points  that  are  neces* 
sary  to  sight  as  any  that  I  have  seen.  It  also  facilitates  the  plotting 
very  much.  For  instance,  in  plotting  you  come  to  a  point  in  the  notes 
of  Station  123  marked  14-115 ;  you  know  at  once  by  turning  to  Station 
115  that  you  will  find  another  reading  on  this  point  14,  and  that  yon 
will  ])robably  find  it  sighted  from  the  intermediate  stations.  Thus  much 
time  is  saved  in  looking  for  the  necessary  checks  to  any  point  that  yoa 
may  wish  to  locate. 

Sometimes  the  bearings  are  simply  placed  on  the  sketches,  especially 
of  points  that  arc  not  likely  to  be  sighted  often,  such  as  minor  points, 
stream  junctions,  &c. ;  iu  that  case  the  horizontal  angle  is  first  recorded; 
then  follows  the  vertical  angle,  with  a  plus  or  minus  sign  placed  before 
it  to  show  whether  it  be  an  angle  of  elevation  or  depression,  thus:  83^ 
15'  -f  1^  S(y. 

Over  the  more  settled  portions  of  the  country,  the  principal  roads 
have  been  meandered  with  compass  and  odometer. 

The  final  results  of  the  work  in  Colorado  will  be  published  in  the 
ibrm  of  an  atlas,  containing  six  topographical  sheets  drawn  in  contours 
as  above  described.  These  sheets  were  originally  drawn  on  a  scale  of 
two  miles  to  one  inch,  then  reduced  to  a  scale  of  four  miles  to  one  inch, 
and  engraved  on  stone.  The  projection  is  so  constructed  that  the  six 
sheets  may  be  mounted  as  one  map.  The  six  corresponding  geological 
sheets  are  printed  in  colors  on  the  contour  sheets  as  bases. 

The  general  drainage  map  was  compiled  mainly  from  the  final  sheets 
and  is  published  at  a  scale  of  twelve  miles  to  one  inch.  This  map  was 
designed  for  general  distribution,  and  gives,  as  well  as  the  drainage 
system,  all  of  \he  roads,  trails,  railroads,  towns,  prominent  mountain- 
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peaks,  with  their  heights,  &c.  Upon  this  map  as  a  base  are  printed  fhe 
general  geologio  and  economic  maps  of  the  whole  State  of  Colorado. 

The  economic  map  has  been  constructed  from  notes  taken  by  the 
members  of  the  dififereut  parties  while  in  pursuit  of  their  regular  duties. 
Upon  this  sheet  are  given  as  nearly  as  possible  the  outlines  of  the  agri- 
cultural, grazing,  timber,  mineral,  and  desert  lands,  each  represented 
by  different  colors. 

The  atlas  also  contains  two  sheets  of  geological  sections,  and  two  of 
characteristic  panoramic  views.  These,  with  the  primary  triangolation 
map,  completes  the  atlas. 

DE0LII9ATI0N  OF  THE  SIAGNETIO  NEEDLE. 

I  give  below  a  table  of  declinations  of  the  magnetic  needle,  with  the 
approximate  latitudes  aud  longitudes  of  the  points  of  observation.  It 
will  be  seen  at  a  glance  that  little  dependence  can  be  placed  on  the  com- 
pass over  the  greater  part  of  this  region,  especially  in  the  mountain 
portions,  where  the  variation  has  a  range  from  5^  to  24<^,  and  this  ooenrs 
in  a  small  area. 

In  the  plains  and  mesa  country  of  the  southwestern  part  of  Colondo 
the  decliusiAiou  is  much  more  regular,  ranging  from  13^  to  15^.  Tbe 
declination  all  along  the  southern  part  of  Colorado  and  northern  portidi 
of  New  Mexico  is  about  13^  30',  where  it  is  not  disturbed  by  local  at- 
tractions. This  gradually  increases  as  you  go  north  until  it  reaohefl 
15^  3(K  at  the  northern  border  of  the  State. 

It  will  be  seen  from  the  table  that  it  is  difficult  to  give  any  deflnite 
declination  for  even  a  small  area  of  country,  as  the  local  attraction  varies 
greatly  within  a  small  area. 

This  wide  range  of  the  magnetic  variation  has  no  doubt  been  a  vaiy 
fruitful  source  oi  error  in  all  of  the  older  explorations  through  the  interior, 
when  in  their  meandering  systems  so  much  dependence  had  to  be  placed 
on  the  compass,  aud,  having  no  fixed  points  to  correct  these  errors  by, 
they  must  have  accumulated  to  considerable]  proportions  over  every  con- 
siderable area  of  country  or  every  extended  line,  even  though  they  were 
often  checked  by  azimuth  observations. 
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Point  of  observation. 
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REPORT  OF  HENRY  GANNETT,  M.  E. 


LETTER  OP  TBANSMTFTAL. 

•i 

Washinoton,  D.  C,  February  4, 1878. 

Sib  :  I  have  the  honor  to  transmit  to  you  herewith  a  short  report  on 
the  arable  and  pasture  lands  of  Colorado.  This  report  embodies  nofc 
only  the  result  of  my  own  observations,  bat  those  of  all  other  members 
of  the  survey  who  have  assisted  in  the  geological  and  geographical  work 
in  this  State.  From  several  other  gentlemen,  citizens  of  Colorado,  I  bavfi 
received  valuable  data.    Among  them  I  would  especially  mention  Mr.  j 

E.  S.  Nettleton,  G.  E.,  of  Pueblo;  Capt.  E.  L.  Berthoud,  C.  E.,  Golden 
City ;  William  N.  Byers,  of  the  Denver  News,  and  Mr.  N.  C.  Meeker, 
of  the  Greeley  Tribune. 

Owing  to  the  fact  that  the  area  which  I  surveyed  during  the  field* 
season  of  1876  was  in  detached  portions,  and  was  supplementary  to  the 
work  of  1875, 1  made  but  one  report  on  the  work  of  those  two  years. 
This  report  appeared  in  the  annual  report  of  the  survey  for  1875. 
I  am,  very  respectfully,  yours, 

HEimT  GANNETT. 

Dr.  F.  V.  Hayden, 

United  States  Geologist 
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REPORT  ON  THE  ARABLE  AND  PASTURE  LANDS  OF  COLORADO. 


By  IIenby  Gannett,  M.  B 


CHAPTER  I. 

PHYSICAL  GEOGllAPHY. 

TOPOOEAPHY. 

The  area  of  Colorado  is  104,500  square  miles.  Of  this.  Dearly  all  of  the 
eastern  half,  or  about  45,500  square  miles,  consists  of  plains;  the  middle 
portion,  comprising  about  32,000  square  miles,  is  mountain  country,  more 
or  less  rugged,  containing  several  large  valleys,  most  of  which  are  at  a 
considerable  elevation }  while  the  western  portion,  or  17,000  square  miles, 
consists  of  plateau  country. 

The  mean  height  of  the  State  above  the  sea  is  7,000  feet,  being  tho 
highest  of  the  States  or  Territories.  The  lowest  part  of  the  State  is  at 
its  eastern  boundary,  where  it  is  little  above  3,000  feet,  while  tho  high- 
est mountain-summits  reach  altitudes  above  14,000  feet. 

The  areas  between  the  different  thousand-foot  contourlines  are  given 
in  the  following  table: 

Square  milfla 

Between    3,000  and    4,000  feet 9,000 

Between    4,000  and    5,000  feet 21,800 

Between    r>.000  and    6,000  feet 15,000 

Between    C,000  and    7,000  feet 10,000 

Between    7,000  and   8,000  feet 11,000 

Between    H.OOO  and    9,000  feet 14,000 

Between    9,000  and  10,000  feet 10,000 

Between  10,000  and  11,000  feet 0,800 

Between  11,000  and  12,000  feet 5,000 

Between  1-»,U00  and  13,000  feet 1,400 

Above  13,000  feet 500 

The  general  slope  of  the  plains  is  toward  the  eastward.  At  the  base 
of  the  mountains  they  are  from  5,000  to  7,500  feet  above  the  sea,  while  at 
the  eastern  boundary  of  tho  State  the  elevation  is  3,000  to  4,000  feet. 
Their  surface  is  rolling  or  undulating,  with  broad,  flat  valleys  and  low 
divides. 

The  plains  are  drained  by  the  South  Platte,  Republican,  and  Arkan- 
sas Rivers  with  their  branches.  The  first  and  last  have  their  sources  in 
the  mountains  in  many  streams,  which  unite  in  the  plains.  The  other 
stream  rises  and  has  its  course  entirely  in  the  plains. 

From  the  foot  of  the  mountains,  in  latitude  39^,  an  elevated  swell  ia 
the  plains  in  tho  form  of  a  flat,  broad  ridge,  runs  eastward,  separating 
the  drainage  of  the  Arkansas  from  that  of  the  South  Platte.  This, 
known  as  "The  Divide,"  or  "Tho  Arkansas  Divide,''  is  about  7,500  feet 
in  elevation,  but  decreases  in  height  eastward.  Northward,  the  plains  at 
the  foot  of  tho  mountains  slope  gently  down  to  a  mean  elevation  of  be- 
tween 5,000  and  0,000  feet.  Southward  the  slope  is  more  rapid,  reach- 
ing a  height  of  5,000  feet  at  the  debouchure  ot  tho  Arkansas  from  the 
mountains;  thence  the  general  level  rises  again,  and  keeps  a  mean  ele- 
vation not  far  from  5,500  feet  lo  the  southern  boundary  of  the  State. 

With  the  exception  of  a  lew  groups  of  eruptive  mountains,  the  whole 
mountain  iirea  is  made  up  of  a  succession  of  parallel  ranges  and  valleyB, 
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having  the  nonnal  Booky  Moantain  trend,  that  is,  20^  or  30^  east  of 
south  and  west  of  north.  Tbe  courses  of  the  streams  l>elong  to  one  of 
three  systems :  1st.  Those  flowing  nearly  east  or  west  These  are,  in  all 
cases,  the  larger  streams,  and  their  courses,  utterly  disregarding,  as  they 
do,  tUe  trend  of  the  ranges,  indicate  that  they  preceded  the  uplift  of  the 
latter,  and  their  directions  show  the  prevailing  slopes  of  the  land  in  those 
earlier  times.  Bivers  live  longer  than  mountains.  The  courses  of  this 
class  of  streams,  known  as  ^^  antecedent  drainage,"  being  in  most  coses 
transverse  to  the  ridges  and  valleys,  we  find  them  alternately  and  for 
short  distances  only,  in  open  valley  and  in  close  caiion.  Of  this  class 
are  the  two  forks  of  the  Platte,  the  Arkansas,  the  San  Juan,  the  Gun- 
nison, Gnind,  White,  Yampa,  and  perhaps  the  Kio  Grande.  The 
extreme  heads  of  these  streams  belong  plainly,  however,  to  the  second 
class.  This  comprises  all  streams  whose  courses  are  parallel  to  tbe 
ranges  and  are  direct  results  of  their  uplift.  The  class  includes  mosi 
second-rate  streams,  nearly  ail  of  which  have  courses  parallel  to  the 
ranges.  Their  courses  are  iu  valleys  of  more  or  less  width,  seldom  in 
caiion.    This  class  is  known  as  ^^  consequent  drainage." 

The  third  class,  the  '^  superimposed  drainage,"  comprises  all  streams 
flowing  down  the  slopes  of  the  ranges,  with  courses,  generally  speaking, 
at  right  angles  to  their  trend. 

In  this  State  these  three  classes  of  watercourses  are  very  strongly 
marked,  and  do  not  merge  into  one  another,  except  in  the  case  of 
antecedent  streams  heading  in  consequent  streams,  which  is,  of  course, 
to  be  expected.  An  antecedent  stream  does  not,  iu  an^'  case,  become  a 
consequent  stream  farther  down  its  course.  The  greater  part  by  far 
of  the  agricultural  land  in  the  mountain  area  of  Ooiorado  is  in  the  val- 
leys of  consequent  streams. 

Rising  quite  abruptly  from  the  western  border  of  the  plains  is  a  suc- 
cession of  mountain  ranges  placed  en  echelon^  so  as  to  present  an  almost 
unbroken  front  to  the  plains  from  the  northern  to  the  southern  bound- 
ary of  the.  Stiite.  The  northernmost  of  these  ranges  extends  from  near 
Long's  Peak  northward  into  Wyoming.  It  is  known  as  the  Laramie 
Range,  or  the  Black  Ilills  of  Wyoming.  South  of  this  is  the  Colorado  or 
Front  Range,  which  overlooks  the  plains  from  Long's  Peak  southward  to 
the  debouchure  of  the  Arkansas  from  the  mountains,  and  farther  south- 
ward the  front  rank  of  the  Rocky  Mountiiins  js  formed  by  the  Sangre  de 
Cristo  Range,  with,  for  a  short  distance,  the  Wet  or  Greenhorn  Mount- 
ains as  a  skirmish-line.  West  of  this  chain  of  ranges  lies  a  succession 
(from  north  to  south)  of  high,  broad  mountain  valleys,  separated  from 
one  another  by  groups  of  eruptive  mountains  or  mases  of  hills.  These 
valleys  are  known  as  the  North,  Middle,  South,  and  San  Luis  Parks. 
West  of  these  valleys  is  another  succession  of  ranges.  The  most  north- 
ern of  these,  the  l^ark  Range,  forms  the  western  wall  of  the  three  north- 
ernmost of  the  parks ;  and,  west  of  North  and  Middle  Parks,  it  is  the  last 
range,  the  country  to  the  westward  consisting  of  a  succession  of  broken 
plateaus,  gradually  lessening  in  elevation  as  we  trace  them  westward. 

AWst  of  South  Park  and  the  Park  Range  lies  the  consequent  valley 
of  the  Upper  Arkansas,  and  around  the  southern  end  of  this  range, 
through  the  broken  hills  which  succeed  it,  the  river  finds  its  way  to  the 
plains.  Beyond  the  Valley  of  the  Ui)per  Arkansas  rises  the  Sawatch 
Range,  and  this  is  succeeded  by  the  parallel  ranges  and  irregular  masses 
of  the  Elk  Mountains. 

The  San  Luis  Valley  is  limited  on  the  west  by  the  great  mass  of  the 
Scan  Juan  Mountains,  an  immense,  rugged  nucleus,  from  which  radiate 
in  all  directions  heavy,  long  spurs,  man^'  of  which  are  of  sutlicicnt  im- 
l)ortance  to  merit  the  name  of  ranges. 
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West  of  ibis  and  the  Elk  Mountains  a  broken  expanse  of  desert  plo- 
teans,  arid  and  waterless,  stretobes  toward  the  setting  snn  farther  than 
the  eye  can  reach. 

The  total  width  of  the  monntain  district  in  the  latitude  of  Middle 
Park  is  75  miles ;  in  the  latitude  of  South  Park,  to  the  western  extrem- 
ity of  the  Elk  Mountains,  is  150  miles ;  and  farther  south,  across  San 
Luis  Valley  and  the  San  Juan  Mountains,  it  is  even  broader,  being  about 
180  miles. 

OLIMATR. 

The  climate  of  Colorado  is  characterized  by  great  dryness  of  the  atmos- 
phere, slight  rain-fall,  and  that  in  sudden,  short,  showers,  during  which 
it  seems  as  if  the  heavens  were  opened;  extremes  in  temperature,  very 
low  in  winter  and  higfh  in  summer,  hot  in  the  day  and  cool  at  night,  and 
subject  to  very  sudden  and  great  changes.  The  direct  heat  of  the  sun's 
rays  is  very  great.  Very  high  winds  and  '^  dust-storms  "  are  of  frequent 
occurrence.    The  prevailing  winds  are  from  the  northwest  and  west. 

The  rain-fall  is  of  so  variable  and  explosive  a  character,  that  it  can  be 
depended  on  for  little,  except  to  do  damage.  The  following  table, 
made  up  from  Smithsonian  Contributions  and  the  reports  of  the  Signal 
Bureau,  although  very  meagre,  will  give  an  idea  of  the  amount  of  the 
natural  watering  which  this  State  receives : 

Table  of  monthly  and  annual  rain-fall. 
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Of  these,  Forts  Lyon  and  Morgan  are  well  out  in  the  plains,  far  from 
the  immediate  influence  of  the  mountains.  Cheyenne,  Denver,  and  Colo- 
rado Springs  and  Golden  City  are  near  the  edge  of  the  plains,  just  at 
the  foot  of  the  mountains.  Forts  Massachusetts  and  Garland  were 
located  (the  former  has  long  been  abandoned)  on  the  eastern  side  of  the 
San  Luis  Valley  but  a  few  miles  apart.  Tbe  former  was  nearer  the 
mountains,  and  at  a  greater  elevation  than  the  latter.  The  very  marked 
increase  in  rainfall,  owing  to  the  slightly  different  topographical  situa- 
tion, will  be  noted.  Montgomery  and  Mountain  City  are  in  high  mount- 
ain valleys,  closely  hemmed  in  by  high,  rugged,  ranges. 
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Ab  was  stated  above,  nearly  all  of  tbis  rain-fall  Is  in  tbe  form  of  sad* 
dea  showers,  of  short  dnration,  and  of  soiall  extent.  Owing  mainly  to 
this  last  featnre,  the  aunual  rain-fall  will  be  foand  to  differ  very  ma> 
terially  even  between  points  bnt  a  f«w  miles  apart.  This  is  especially 
tbe  cone  among  the  mountains,  where  nil  the  climatic  conditions  are 
modified  very  mncb  by  local  topography. 

Proceeding  westward  over  the  plains,  the  rain-fall  is  ceen  to  decrease 
in  amount  and  become  more  variable  in  character.  Entering  the  mount- 
ains, the  precipitation  is  noticed  to  increase  in  qnantity,  still,  however, 
preserving  ita  character.  The  winter  precipitation  is  bosbnnded  in  the 
form  of  snow,  which,  in  the  late  spring  and  early  sommer,  melts  and, 
swelling  the  streams,  is  utilized  for  irrigation.  The  monntaina  thus 
play,  in  n  measure,  the  part  of  reservoirs. 

Farther  west,  on  the  lower  plateaus,  the  rain-fall  is  redaced  to  a  minl- 
mam,  and  the  country  presents  all  the  aspects  of  a  desert. 
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Of  these  stations,  the  first  seven  are  sitoated  in  the  plains;  Cheyenne, 
Denver,  and  Colorado  Springs  are,  however,  within  a  very  few  miles  of 
the  foot-hills.  CaSon  City  is  in  a  well-sheltered  bay  in  the  moantains, 
bntopen  to  the  plains.  Its  temperature  is  abnormally  high.  Of  the 
other  stations  Golden  City  is  immediately  under  the  foot-bills.  Fair 
Play,  Los  Pinos  agency,  Montgomery,  Fort  Garland,  Central  City,  Mount 
Lincoln,  and  Pik^s  Peak  are  in  the  mountains.  Parrott  City  is  at  the 
southwest  foot  of  the  San  Juan  Group,  whUe  the  White  Biver  agency 
is  in  the  plateau  region. 

Of  the  mountain  stations,  Fair  Play  is  situated  in  the  nortbwestem 
corner  of  South  Park,  under  high  mouutaius  on  the  north  and  west. 
Montgomery  is  at  the  extreme  head  of  the  South  Platte,  about  12  miles 
north  of  the  latter  station,  in  a  closely  encircled  mountain  valley.  The 
IiOB  Finos  agency  is  in  a  broken  country,  between  the  Sawatch  and  San 
Jnao  Baoges.  Fort  Garland  ia  situated  on  the  eastern  side  of  San  Lais 
Valley,  with  high  monQtains  on  the  north  and  easL  Central  City  is  in 
a  narrow  moaotain  valley.  Pike's  Peak  and  Mount  Idneoln  are  among 
the  highest  peaks  in  the  State. 

TahU  of  mean  relatiet  JiimfititiM. 
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There  is  a  generally  increasing  dryness  of  the  atmosphere  as  veil  as 
decrease  in  the  rain-fall  as  we  proceed  westward. 


CHAPTER  II. 


ESTIMATED  DISTRIBUTION  OF  ARABLE  AND  OTHEB  LANDS 

IN  COLORADO. 

From  estimates  based  on  the  amoant  of  land  suitably  sitaated  for 
irrigation,  the  amount  of  water  available  for  this  purpose,  and  the 
character  of  the  soil,  it  is  estimated  that  in  all  Colorado  there  are  7,333 
square  miles,  or  4,686,720  acres  of  tillable  land.  There  is  water  enough 
to  irrigate  this  area  without  the  employment  of  reservoirs.  This  is 
7  per  cent,  of  the  whole  area. 

Besides  this,  55,000  square  miles,  or  52.6  percent.,  is  valuable  as  pasture 
land.  This,  however,  is  of  very  variable  quality  in  different  localities, 
grading  into  sagebrush  (artemesia)  and  other  brush  barrens  in  such  a 
manner  that  only  an  arbitrary  line  can  be  drawn  between  pasture  and 
worthless  lands. 

The  area  covered  by  spruce  and  pine  timber  is  19.1  per  cent,  or 
20,000  square  miles ;  that  covered  by  quaking  aspens  {Populus  tremu- 
loides)^  piiion  pine,  and  the  low,  scrubby  cedar  so  characteristic  of  the 
arid  plateaus,  is  13,500  square  miles  or  13.0  per  cent.,  while  0.3  per  cent, 
or  6,565  square  miles  may  bo  classed  as  barren ; — worthless,  unless  im« 
meuse  works  be  undertaken  to  reclaim  it. 

These  areas  are  distributed  as  follows  in  the  three  districts  of  the 
State :  The  plains,  with  the  exception  of  the  arable  areas  along  the 
streams  and  the  Pinery  on  the  Arkansas  divide,  are  grazing  land. 
There  is  no  timber,  except  that  mentioned  above  and  scattering  cotton- 
woods,  in  the  bottom-lands.  The  grasses  are  mainly  the  nutritious  buf- 
falo and  ^ama  grasses.  Cacti  and  sage  flourish  to  some  extent,  and 
the  Spanish  bayonet  is  not  unfrequently  met. 

The  mountain  region  is  pre-eminently  the  timbered  region.  Areas  of 
arable  land  are,  with  few  exceptions,  of  limited  extent,  being  found 
only  in  small  patches.  Grazing  land,  though  of  gre^ater  extent,  is  also 
scattered  about  in  small  areas,  while  everywhere  the  principal  growth 
is  timber,  and  that  mainly  of  the  heavy  spruce  and  pine.  The  inferior 
limit  of  this  growth  ranges  about  8,000  feet,  giving  place  below  this  ele- 
vation to  piuou  pine,  or,  in  moister  localities,  to  the  quaking  aspen.  Its 
superior  limit  is  the  "  timber-line,^  which,  in  Colorado,  ranges  between 
11,(K)0  and  12,000  feet  above  sea-level,  depending  mainly  on  the  lati- 
tude. 

The  plateau  region  consists  principally  of  flat  or  sloping  mesas,  cov- 
ered with,  according  to  their  elevation,  spruce  and  pine,  quaking  aspens, 
piiion  pine,  cedar,  sage,  sand,  or  bare  rock.  As  their  elevation  decreases 
westward,  so  tbeir  aridity  increases  and  the  value  of  their  natural  pro- 
ductions becomes  less.  This  region  contains  several  large  valleys,  sus- 
ceptible of  irrigation  in  whole  or  in  part.  In  this  part  of  the  State 
there  is  very  little  grazing  land,  except  on  those  high  plateaus  where  it 
would  not  be  possible  to  winter  stock. 
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GENERAL  CONSIDERATIONS. 

For  snccessful  agricalture  there  are  necessary :  a  fertile  soil,  level 
Barface,  a  safficiently  mild  temperature,  and  the  proper  amount  of  moist- 
ure. 

In  Colorado,  the  first  two  of  these  conditions  are  fulfilled  over  a  great 
area,  probably  two-thirds  of  the  State.  The  third  of  the^e  conditions 
diminishes  this  amount  very  considerably,  as  many  fine  mountain  val- 
leys are  from  their  great  altitude  too  cold  to  be  useful  as  agricultural 
land,  while  the  introduction  of  the  last  condition  limits  the  arable  land 
to  a  comparatively  small  amount. 

The  aridity  of  the  atmosphere  is  so  great  and  the  rain-fall  so  light,  so 
variable,  and  so  sudden  in  its  character,  that,  practically,  irrigation  is 
universally  depended  on,  and  is  almost  as  much  a  matter  of  course  as  the 
sowingof  the  seed.  There  are  small  areas,  as  in  the  Wet  Mountain  Val- 
ley, where,  from  purely  local  causes,  the  rain-fall  is  sufficient  to  obviate 
the  necessity  for  irrigation,  but  these  are  of  small  importance. 

Another  premise  which  holds  good  in  nearly  all  cases»  is  that  all  irri- 
gable land  is  cultivable,  if  not  too  high.  The  native  products  of  the 
soil  afford  little  indication  of  its  barrenness  or  fertility.  Because  a  soil 
naturally  produces  only  sage  and  cacti,  it  by  no  means  follows  that  only 
sage  and  cacti  can  be  produced.  To  condemn  the  country  because, 
under  the  natural  conditions,  it  does  not  produce  useful  grasses,  timber, 
&c.,  or  even  because  it  has  all  the  appearance  of  a  desert  waste,  is  as 
unreasonable  as  to  exiiect  a  tract  of  high  land  to  produce  cranberries. 

Ifumberless  proofs  of  the  fact  that  the  soil  of  what  has  been  called 
desert  is  rich  in  the  elements  of  fertility  may  be  adduced.  Salt  Lake 
Talley  was  as  unpromising  as  the ''  Great  American  Desert,"  Oreen  Biver 
Basin,  before  the  Mormons  attacked  it,  but  the  application  of  water  has 
made  it  one  of  the  most  fertile  regions  in  the  country.  At  Saint  George, 
in  Southern  Utah,  the  victory  over  Dame  Nature  has  been  even  more 
signal.  P^xception  to  this  must  be  made  in  the  case  of  land  which  is 
strongly  alkaline.  Unless  this  alkali  be  washed  out,  the  land  is  valueless, 
and  at  present,  and  for  many  years  to  come,  when  good  land  may  be 
bad  almost  for  the  asking,  there  is  no  necessity  for  reclaiming  this  land. 
But  the  area  of  land  in  Colorado  which  is  too  strongly  alkaline  for  use 
in  agriculture  is  very  small. 

In  the  plains  and  the  San  Luis  Valley,  thd  only  limit  to  the  amount 
of  arable  land  is  set  by  the  supply  of  water.  All  the  water  supplied  to 
them  by  the  South  Platte,  the  Arkansas,  the  Bio  Gmnde,  and  their 
numerous  branches,  can  be  used,  and  still  there  will  be  great  areas 
waiting  the  magic  touch  of  water  to  be  covered  with  verdure.  By  hus- 
banding in  reservoirs  the  enormous  supplies  of  this  liquid  which  run  to 
waste  at  the  time  of  the  June  floods,  which  can  be  done  in  most  cases  at 
no  very  great  expense,  the  amount  of  arable  land  can  be  immensely  in- 
creased. At  present,  however,  there  is  no  need  of  undertaking  such 
works  as  these. 

In  the  mountains,  the  areas  of  level  land  so  situated  as  to  be  irrigable 
are  not  in  general  sufficient  to  require  all  the  water  which  is  directly 
available,  and  in  the  plateau  region  the  amount  of  irrigable  land  is,  if 
anything,  still  less  in  proportion  to  the  amount  of  water  available. 

An  important  factor  to  be  considered  in  connection  with  the  question 
of  arable  lands  is  the  elevation.  This  sets  immovable  barriers  to  the 
growth  of  certain  crops.  A  few  facts  regarding  the  upper  limits  of  cer- 
tain grains  and  vegetables  have  been  collected.  Mr.  Byers,  of  Denver, 
editor  Bocky  Mountain  News,  says :  ^^  Wheat,  barley,  oats,  potatoeS| 
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^I-Vi:..  :.  :.:..;^:  7..>.*.»  r*:^:.  P«j:j:c^r*  ani  :sni:j.«s  graeraliV  do  well  up 
lo  l.'.«>  •.»  ;r«^:.  V/L»r*i:  ^tox.^  -pltriiii.ily  a:  as  L:^b  aa  elevation  as  AOCU 
f»:^t,  :j  -:  iV^vr:  7..»-«  iVrr:  i'  :•  a  L^zar>Ioa.H  cn>p.  liable  lo  be  icjored  bv 
earlv  f:./-*.-  o:  <-o"s-.    Oa:-?  ^t  j^  ^ell  up  to  tV-MJ  '«*^  ^°^  generaUj"  do 

Mr.  K.  L.  i>r:Loa«i.  C.  E..  of  GoMen  Ciry,  Co!o..  writes  me  as  fol- 
lows o:*  :L!-  r  I'-jj-*':: :  ••TurLijs  ^ow  ar^d  y:eM  wdl  np  to  9-200  feet, 
Potat^i^s  ;:ro%-.  iiu:  tieM  or.Iv  lairiT  up  :o  0.-«X»  fetrt,  and  at  0.0«X»  feet  the 
top.-.  ^«zi  i:'j^\tzi\.  V*'^eat  ^Ij^^  not  r'ptii  al»"jve  7.^5)  f«rr.  Barley  and 
oais  jr/Mrc*:;;.  rij^i..  arid  olIv  \:i  exceptional  seaaijns,  ab-jve  Sj20u  feet. 
Cor.'i  fl«>r--  ijot  rii/ea  above  .!},7*.»0  ft-vt.  Wild  grapes  grow  well  up  to 
G.«i«Xi  !>et :  caltiv^ited  grapie.s  op  to  o.Sw  feet-  Pear-trees  do  well  np 
to  o,7.Vj  w*:i.  backwLt^at  is  .s«>  ULcertain  that  it  is  not  possible  to  give 
certain  data  a-s  to  altitude,  but  r^jme  b.;*  been  raised  at  7,400  feet. 
Ex':ept  on  the  Arkansas  liiver.  K;o  Grande,  and  lower  Fontaine  qni 
B<^u:IIe.  corn  i.-j  no  crop  in  Colorado  east  of  the    continental)  divide." 

TLe-e  tl ;rures  are  liable  to  slignt  mo  lidcations  from  the  indaeuce  of 
latitude  and  local  causes,  but  in  gtrneral  th«:y  are  correct. 

AMOUNT  OP  WATER  USED  IX  IBEIGATION. 

TTie  quantity  of  water  applied  by  irrigation  to  various  crops  ranges 
within  very  wide  limits  in  different  parts  of  the  earth.  The  require- 
rnents  of  the  crops  differ  with  the  character  of  the  season,  whether  wet- 
or  dry.  and  with  the  nature  of  the  .>oi!.  whether  clayey  or  sandy,  &c. 

An  '•  incb  of  water"  to  the  acre  i<  a  very  common  allowance  in  the 
StatH,  An  inch  of  water  is  the  amount  which  will  flow  through  an 
aperture  1  >qaare  inch  in  section  in  the  course  of  a  season;  an  amount 
which,  of  course,  varies  with  the  pressure  from  head  or  velocity. 

l\i  reference  to  this  snbj».'Ct.  Mr.  E.  S.  ^ettleton,  of  Pueblo,  Colorado, 
has  written  me  as  follows:  -It  is  impossible  t»->  give  any  rule  for  the 
quantity  of  water  requinMl  to  irrigate  crops  of  ditiVreut  kii^ds.  Land 
that  has  been  iirigaterl  lor  snwr.il  y<'ars  requires  less  water  than  new 
land.  Clay  lands  require  less  than  sandy  hinds.  Very  level  land  takes 
more  water  than  slopin;^  or  rolling  lands.  •  •  •  Crops  which  are 
KTjwn  brr>adcast  nquire  more  water  than  those  sown  in  drills  or  planted 
in  rows.  Early  s^r.vn  or  {ilanted  crops,  as  a  general  thing,  require  less 
water  than  tho>e  sown  or  planted  late.  It  is  considered  economical  to 
irri;;ate  in  the  latter  part  of  the  day  or  evening,  especially  in  hot  weather. 
Corn  n-quin-s  U-ss  water  than  Jilniost  any  other  crop,  especially  the  Mex- 
ican variety.  Oats  and  grass  n^qiiire  the  most.  An  inch  of  water  to 
the  acre  is  the  rule  of  some.  This  may  be  half  enough  in  some  in- 
stances, in  others  it  may  be  double  or  even  three  times  the  quantity  re* 
quired.'' 

In  regard  to  this  question.  Marsh,  in  his  *'Man  and  Nature,"  page 377, 
et  Hf-q,^  says:  "As  near  as  can  be  ascertained,  the  amount  of  water  ap- 
plied to  iirjfj'ated  lands  is  scarcely  anywhere  less  than  the  total  precipi- 
tation during  the  season  of  vegetable  growth,  and  in  general  it  much 
excee<ls  that  quantity.  In  grass  grounds  and  in  field-culture  it  ranges 
from  27  orL'S  to  GO  inches,  while  in  smaller  crops,  tilled  by  hand-labor,  it  is 
Konietiines  carried  as  high  as 300  inches,"*  and  adds,  in  a  foot-note, quoting 
from  Niel,  ''Agriculture  des  Ktats  Sardes,''  "that  the  practice  in  Lom- 
bardy  is  to  ;:ive  the  equivalent  of  3i*  inches  of  precipitation  in  100  days, 
that  bluing  the  estimated  length  of  the  irrigating  season;''  and  that  in 
Ocrniany,  quoting  from  Boussingault,    "Economic  Rurale,"  "Grass 
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groands  onglit«to  receive  200  inches  of  water,  or  six  times  tbe  total 
aiDount  of  precipitation,  during  the  growing  season."  In  Egypt  (<^Man 
and  Natare,"  page  380)  aboat  17^  inches,  applied  during  150  days,  suf- 
fice. The  report  of  the  Commissioner  of  Agriculture  for  1871  gives 
(page  280)  the  amount  of  water  applied  in  France,  from  the  Marseilles 
Canal,  as  one  cubic  foot  per  second  for  70  acres.  This  is  equivalent  to 
an  annual  precipitation  of  122.4  inches. 

In  the  same  report  the  following  fa^sts  regarding  the  usage  in  Italy 
are  given.  For  rice  lands  the  equivalent  of  16.2  inches  per  month,  or  of 
an  annual  precipitation  of  194.4  inches  is  used;  for  summer  meadows, 
7.2  inches  per  month,  or  86.4  per  year;  for  maize,  2.4  per  month,  or  28.8 
per  year. 

In  tbe  sub-Himalayan  districts  the  practice  is  to  allow  one  cubic  foot 
per  second  for  218  acres,  and  this  is  very  nearly  the  result  to  which 
Marsh  arrives.  (See  report  U.  S.  Geol.  Survey,  1870,  page  260.)  This 
IS  equivalent  to  an  annual  precipitation  of  39.36  inches.  This,  however, 
is  far  below  the  amount  used  in  the  West  at  present,  but  I  have  no  defi- 
nite comparable  data  on  the  subject. 

This  allowance  of  water  takes  into  account  roughly  the  amount  wasted 
by  evaporation  and  absorption  by  the  bottom  and  sides  of  the  ditches; 
an  amount  which,  of  course,  diflers  in  every  case,  and  of  which  no  cer- 
tain estimate  can  be  made. 

The  rain-fall  is  of  so  uncertain,  variable,  and  sudden  a  nature,  that  I 
do  not  consider  it  best  to  take  it  into  account  in  making  estimates  of 
arable  land ;  particularly  as  the  amount  of  water  allowed  is,  as  stated 
above,  much  below  tbe  practice  at  present,  and  as^  in  some  localities, 
the  rain-fall  m^y,  in  any  year,  be  absolutely  nothing. 

In  a  ^<  Report  on  the  Irrigation  of  the  San  Joaquin,  Tulare,  and  Sac- 
ramento Valleys  of  California,"  the  following  facts  concerning  the  amount 
of  water  per  acre  are  given  :  The  commissioners  estimate  that,  on  an 
average  of  crops  and  soils,  one  cubic  foot  per  second  will  irrigate  200 
acres,  and  quote  the  following  statements:  *^In  North  India  one  cubic 
foot  per  second  irrigates  five  acres  per  day.  Taking  the  interval  of 
irrigation  at  40  days,  we  have  the  duty  of  200  acres  for  one  foot  a  second, 
for  cereals.  In  Grenada,  a  canal  for  the  Genii  irrigates  of  wheat,  barley, 
and  vines,  240  acres  per  cubic  foot.  In  Valencia,  •  •  •  about  200 
acres  per  foot.  In  Elclie,  where  water  is  very  scarce,  a  cubic  foot  goes 
so  far  as  to  irrigate  1,000  acres.  •  •  •  Rice  fields  in  difibrent  parts 
of  the  earth  vary  from  30  to  60  or  even  80  acres  to  the  cubic  loot.  In 
the  heavy  monsoons  of  India,  90  acres  per  foot  is  irrigated.  •  •  • 
The  grants  for  six  recent  canals  in  Spain  run  from  70  to  260  acres  per 
cubic  foot.'' 

PBOPEB  SEASON  FOB  GAUGING  STBEAMS. 

Before  giving  any  facts  regarding  the  amount  of  the  discharge  of 
streams,  with  relation  to  their  irrigating  capacity,  I  wish  to  call  atten- 
tion to  the  fact  that  these  measurements  amount  to  very  little,  except 
as  very  general  indications.  The  volume  of  water  carried  to-day  is 
little  indication  of  what  it  may  be  to-morrow.  A  heavy  shower  or  a 
warm  day  in  the  mountains  may  temporarily  double  the  discharge.  At 
the  time  of  the  spring  floods,  in  June,  the  amount  discharged  may  be 
five,  ten,  or  even  twenty  times  that  sent  down  in  November,  when  the 
streams  are  at  their  lowest. 

The  proper  time  for  gauging,  with  reference  to  the  irrigating  capacity 
of  the  stream,  is  at  the  end  of  July  or  early  in  August^  about  the  close 

21  a 
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of  the  irrigatiDg  aeasoo.  Moreover,  to  obUio  a  resott  firom  wfaiei  it 
woold  be  safe  to  draw  definite  ooDdaaoDs,  the  sessoo  shoold  hsTe  beea 
a  dry  one  (for  it  i«  with  the  miDimnm  sopplj  of  rain  tbat  we  kan  to 
deal),  and  tbe  Dormal  regimeD  of  the  streams  should  not  han  beea 
reoently  disturbed  by  rains.  In  our  work,  it  is  not  posaUe  to  ebooee 
the  time  and  conditions  for  making  these  measurements;  bot  soch 
measorements  as  we  have  made  and  eollcoted  will  serf  e  to  gire  a  rough 
approximation  to  the  irrigating  power  of  all  the  principal  streama. 


CHAPTER     III. 


CULTIVABLE    AREAS   OP    OOLOEADO. 

THE  NORTH  PLATTE  DBAINAGE  AREA. 

The  Platte,  or  Shallow  River,  as  the  name  was  rendered  ia  English 
ID  the  earlier  duys,  drains  the  eastern  slopes  of  the  Rocky  Mountains, 
from  the  forty-third  to  the  thirty-eighth  parallel  of  north  latitude.  Its 
branches  head  opposite  to  those  of  the  Colorado  and  interlace  with  the 
head  of  the  Arkansas. 

In  latitude  410,  Ion j;itude  101^,  it  divides  into  two  branches,  known  as 
the  North  and  South  Platte.  The  former  drains  the  North  Park,  Laramie 
Plains,  the  Laramie  and  Medicine  Bow  Ranges,  and  the  northern  part 
of  the  Park  Range.  Its  course  is  very  devious.  Heading  in  the  North 
Park,  it  collects  its  waters  from  all  sides  of  this  mountain-locked  basin. 
Emerging  from  the  park  on  the  north,  it  pursues  a  course  nearly  north 
to  its  junction  with  the  Sweetwater,  in  latitude  42<^  2(K,  where  it  turns 
abruptly  to  the  eastward,  and  after  pursuing  a  course  nearly  east  for  a 
long  distance,  past  the  northern  extremity  of  the  Laramie  Range,  it 
bears  gradually  southward  and  pursues  a  course  generally  somewhat 
south  of  east  to  its  junction  with  the  South  Platte.  Its  drainage  area 
within  the  limits  of  Colorado  is  but  2,000  square  miles,  and  consists  of 
a  part  of  North  Park  and  the  surrounding  mountains.  North  Park  is 
one  of  those  high  mountain  valleys  which  form  so  characteristic  a  fea- 
tare  in  Colorado  topography.  It  is  in  shape  nearly  elliptical,  its  longer 
diameter  lying  nearly  north  and  south  and  35  miles  in  length.  Its  area 
is  914  square  miles.  The  surface  is  very  level,  and  in  certain  parts 
syrampy.  Its  elevation,  7,500  to  7,700  feet  above  sea-level,  together  with 
the  latitude,  preclude  the  possibility  of  its  being  used  to  any  extent  as 
an  agricultural  area,  and  the  same  causes  make  it  risky  to  attempt  to 
winter  stock  there  without  hay  and  shelter.  As  a  summer  range  it  is 
unexcelled,  as  its  native  product  is  mainly  bnnchgrass,  which  grows 
luxuriantly.  The  arable  area  of  the  park  is  estimated  at  232  square 
miles,  while  the  remainder  of  the  area  of  the  park,  682  square  miles,  is 
available,  as  was  stated  above,  as  pasturage  in  summer. 

DRAINAGE  AREA  OP  THE  SOUTH  PLATTE. 

The  South  Platte  drains  the  South  Park  and  the  Front  Range  from 
latitude  39^  to  the  northern  boundary  of  the  State.  Its  drainage  area 
within  the  State  is  20,800  square  miles,  and  this  is  nearly  all  of  its  entire 
drainage  area.  ^  The  extreme  head  of  this  stream  is  directly  under  Mount 
Lincoln,  in  th&.north western  corner  of  South  Park.  Its  general  course 
across  the  pars  is  southeasterly,  as  are  those  of  its  principal  branches 
in  the  Park,  High  Creek,  the  Little  Platte,  Trout  Creek,  and  Tarryall 
Creek.  All  these  enter  the  main  stream  within  the  Park,  except  the  last, 
which  joins  it  in  the  canon,  below  its  exit  from  the  Park.    The  South 
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Platte  leaves  the  Park  near  its  soDtheast  corner,  catting  a  caOon  several 
miles  long  tbron^h  the  Puma  Hills,  which  form  the  eastern  wall  at  this 
place.  Its  coarse  in  this  caiion  is  nearly  northeast,  changing  to  a  coaise 
slightly  east  of  north,  which  it  holds  not  only  until  it  clears  the  moant- 
ains,  but  as  far  as  Greeley,  at  the  mouth  of  the  Cache  la  Poadre,  in  the 
plains.  From  the  head  of  its  caiion,  where  it  leaves  the  Soath  Park, 
to  its  emergence  on  the  plains  is  a  distance  of  50  miles.  In  this  part  of 
its  coarse  it  cats  diagonally  across  the  whole  breadth  of  the  Front 
Hange,  here  very  broad,  but  broken  up  into  a  confosion  of  spars  and 
ridges  that  defy  classification.  Its  conrse  is  alternately  in  caxion  and 
narrow  valley,  the  former  predominating.  In  this  part  of  its  course  it 
receives  several  good-sized  branches — Tarryall  Creek,  which  drains  the 
northeastern  part  of  South  Park,  Lost  Park  Creek,  which  collects  the 
waters  of  a  high,  isolated  mountain  valley,  and  the  North  Fork  of  the 
South  Platte,  which  flows  through  a  long,  narrow  canon-valley.  These 
streams  come  in  from  the  westward.  From  the  other  side  the  principal 
affluent  is  Trout  Creek,  which  collects  the  drainage  of  Bergen  and  Hay- 
den  Parks,  interior  valleys  of  the  Front  Range.  Its  principal  affluents, 
which  head  in  the  Front  Kange  and  enter  it  in  the  plains,  are  as  follows: 
Bear  Creek,  with  its  branch,  Turkey  Creek;  ClearCreek,  of  which  Bals- 
ton  Creek  is  a  tributary;  Saint  Vrain's  Creek,  which,  in  the  moan  tains, 
divides  into  Coal,  North  and  South  Boulder,  Left  Hand,  Jim,  and  the 
North  and  South  Saint  Vraiu's  Creeks;  the  Thompsons,  Big  and  Little, 
ami  the  Cache  la  Poudre. 

At  the  mouth  of  the  Cache  la  Poudre  the  South  Platte  turns  abruptly 
to  the  east,  and,  after  holding  this  course  to  longitude  103^  JO',  it  turns 
nearly  east-northeast,  which  course  it  holds  to  its  junction  with  the 
North  Platte. 

The  valley  of  the  South  Platte,  from  the  foot  of  its  caiion  to  the  north- 
eastern corner  of  the  State,  is  214  miles  in  length,  with  an  estimated 
average  width  of  2  miles,  or  an  area  of  bottom-land  of  about  400  square 
miles.  Besides  this  bottomland,  the  bench-land  can  easily  be  irrigated 
at  no  great  expense.  There  is  much  more  land  within  reach  of  irriga- 
tion than  the  river  can  sujiply  with  water.  I  have  several  measurements 
of  the  volume  of  water  carried  by  tliis  streani,  none,  however,  made  at 
the  end  of  the  irrigating  season,  and  therefore  they  are  poor  indices  of 
its  irrigating  capacity.    They  are  as  follows : 


Wlin^  i;aii;;e(l.  >      Date. 


Six  Tiiilos  Ik'Iow  Fair  Play.  Sooth  Park I  July  3  . 

Jlartzcll  H  Ilanrli,  South  i'aik  (hImivp  uouth  Litth*  Platte) JuiioS!) 

Liiik'H  Kaiirh,  vvhi.Ti*  the  roiid  frurii  Culunitio Springs  hrat  crosses 

the  Pliitle    .TiiDeS3 


FiNit  of  Caiiou , 

Denver 

Two  miles  above  IJijnver  (low  "wat«;i», 


Sopt.  »*... 
December 


Cubic  feet     j^uthoritv. 
per  second.     -=»■"*"««".»• 


n88     Peamn. 
367  Do. 

I 

i.oir*        Do. 

1, 4iXi     Ebert. 
4!^2     Fisher. 
204  ,  Uolbrook. 


At  a  short  distance  below  the  foot  of  the  caiion  the  Great  Platte  Canal 
is  taken  out.  The  amount  of  water  abstracted  by  this  ditch  should  be 
added  to  the  two  last  measurements  to  make  them  at  all  comparable 
with  the  others. 

Judging  by  these  measurements  and  the  levels  which  its  waters  reach 
at  Hood  and  other  times,  I  should  say  that  near  the  end  of  July  this 
stream  carries  about  double  the  volume  given  by  this  measurement  on 
September  8,  or  2,800  cubic  feet  per  second.  Using  the  rule  adopted  for 
the  sub-liimalayau  districts,  i.  e.,  that  one  cubic  foot  per  second  will 
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irrie:ato  218  acres,  or  that  three  cubic  feet  per  second  will  irrigate  a 
square  mile,  we  shall  iind  that  the  area  irrigable  by  the  South  Platte  is 
933  square  miles.  Of  this  G24  square  miles  are  in  the  plains  and  3L1 
square  miles  in  the  mountains,  of  which  more  hereafter.  This  plains 
area  includes  all  the  bottom-lands  on  the  South  Platte  within  the  State, 
and  also  a  part  of  the  bench-land  bordering  the  stream.  I  have  little 
detailed  knowledge  of  the  bottom-lands  of  the  river  below  Oreeley,  but 
presume  that  they  keep  pretty  nearly  the  same  average  width  as  above 
this  point.  Above  Greeley  they  are  from  half  a  mile  to  a  mile  wide, 
spreading  out  to  three,  four,  or  five  miles  at  the  mouths  of  some  of  its 
branches,  making  an  average  of  about  two  miles  in  width,  as  was  stated 
above. 

The  irrigating  capacity  of  the  branches  of  the  South  Platte  from  the 
west  below  the  foot  of  its  cauon^t.  e.,  in  the  plains,  I  estimate  to  be 
nearly  equal  to  that  of  the  South  Platte  itself,  or,  in  figures,  the  amount 
of  water  carried  by  them  is  about  2,400  cubic  feet  per  second,  which 
represents  an  irrigable  area  of  800  square  miles.  Of  these,  the  Cache 
la  Poudre  and  its  branch,  the  Box  Elder,  can  irrigate  174  square  miles, 
a  large  part  of  which  is  near  its  mouth,  where,  in  the  neighborhood  of 
the  town  of  Greeley,  the  bottom-lands  spread  out  to  a  great  width. 
Along  the  Big  Thompson  there  is  an  irrigable  area  of  116  square  miles; 
along  the  Little  Thompson,  44  square  miles.  Saint  Train's  Greek  can 
irrigate  174  square  miles,  half  of  which  can  be  effected  by  the  main 
stream,  and  half  by  its  two  branches,  Boulder  and  Coal  Creeks.  Clear 
and  Ealston  Creeks  can  water  234  square  miles:  Bear  Creek,  58  square 
miles.  Of  the  streams  which  enter  the  South  Platte  from  the  South, 
Cherry  and  East  Plum  Creeks  head  in  the  Arkansas  divide  and  carry 
but  little  water  in  proportion  to  the  size  of  their  valleys.  The  irrigating 
capacity  of  each  of  these  is  estimated  to  be  44  square  miles. 

West  Plum  Creek  heads  in  the  mountains  and  carries  more  water 
tban  these  latter  streams.  Its  irrigable  area  is  estimated  to  be  72  square 
miles. 

The  courses  of  the  branches  of  the  South  Platte,  from  the  westward, 
in  the  mountains  are  almost  entirely  in  canons  or  narrow  valleys.  They 
contain  no  cultivable  areas  of  any  extent.  Space  for  a  ranch  or  two  is 
found  here  and  there ;  but,  altogether,  they  are  not  of  sufi&cient  import- 
ance to  be  mentioned  in  this  connection. 

The  following  measurements  of  the  amount  of  water  carried  by  Clear 
Creek,  at  Golden  City,  were  kindly  furnished  me  by  Capt.  E.  L.  Berthoud, 
of  the  School  of  Mines,  of  that  place : 

Cabio  feet. 

September  3.— Amount  of  water  carried 374 

Augast  27. — Amount  of  water  carried 536 

June  19  (flood  height). — Amount  of  water  carried 1,  765 

South  Park  is  a  table-land,  very  uniform  in  surface,  with  the  excep- 
tion of  a  few  minor  ridges,  which  traverse  it  in  a  direction  slightly  east 
of  south,  and  in  the  southern  part  numerous  volcanic  buttes.  Its  shape 
is  nearly  elliptical,  its  longer  axis  being  nearly  north  and  south.  Its 
length  is  about  50  miles  and  its  width  25  miles.  The  area  is  about  870 
square  miles.  The  prevailing  slope  is  from  northwest  to  southeast. 
The  elevation  is,  in  the  northern  and  northwestern  part,  9,500  to  10,000 
feet ;  in  the  southern  part,  8,000  to  8,500.  The  mean  elevation  is  not  far 
from  9,000  feet. 

The  limits  of  the  park  are  sharply  defined  by  the  mountains,  which 
rise  on  all  sides  abruptly  from  the  plains  to  the  highest  summits. 
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lu  general,  the  park  is  not  well  watered,  l^ear  its  borders,  especially 
on  the  Dortheru  and  western  sides,  there  is  at  all  seasons  an  abundance 
of  water,  bat  throughout  the  whole  interior  part  of  the  park  water  is 
scarce  awaj  from  the  main  streams.  Its  surface  is  covered  with  bunch- 
grass  of  excellent  quality,  making  it  a  first-class  summer  range  for 
sheep  and  cattle,  but  the  great  elevation  makes  it  hazardous  to  attempt 
to  winter  stock  out  of  doors,  except  in  sheltered  nooks  among  the  hills 
at  the  southern  end.  The  same  cause  makes  it  of  little  value  as  an 
agricultural  district,  as  only  the  hardiest  crops  can  be  matured.  The 
cultivable  area  is  estimated  at  174  square  miles,  distributed  among  the 
South  Platte  and  its  branches,  the  Little  Platte,  High,  Trout,  and 
Tarryall  Creeks. 

In  and  about  the  course  of  the  South  Platte,  from  South  Park  to  the 
plains,  there  are  several  valleys  of  limited  extent,  but  whose  aggregate 
area  of  tillable  land  is  of  considerable  importance.  On  the  river  itself 
there  is  a  valley  G  or  8  miles  long,  between  the  foot  of  the  upper  cafion 
and  the  mouth  of  Tarryall  Creek,  and  another  of  about  equal  size  a  short 
distance  above  the  mouth  of  the  Korth  Fork.  IJfie  latter  stream  and 
Elk  Creek  each  has  a  long  narrow  valley,  containing  a  little  arable  land. 
On  the  other  side  of  the  river,  Beaver,  Trout,  and  West  Creeks  each  hus 
a  small  area  of  arable  land.  The  whole  area  of  cultivable  land  on  South 
Platte  drainage  between  South  Park  and  the  plains  is  130  square  miles. 

Profile  of  the  South  Platte  River  from  its  head  to  Julc$hurg, 
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DRAINAGE  AEEA  OF  THE   ARKANSAS  RIVER. 


The  drainage  area  of  the  Arkansas  lliver  in  Colorado  is  28,000  square 
miles,  of  which  by  far  the  larger  part  is  in  the  i)lains.  The  stream  rises 
in  and  near  Tennessee  Pass,  flows  at  first  about  25^  east  of  south,  through 
a  valley  18  miles  long  and  of  a  width  varying  from  1  to  4  miles.  Then 
follow  a  few  miles  of  canon,  below  which  the  valley  expands  again  to 
an  average  width  of  4  miles,  and  continues  thus  to  the  mouth  of  the 
{South  Arkansas,  or  abont  33  miles.  Ilero  it  enters  a  caiion,  or  narrow 
valley,  in  which  it  is  inclosed  almostcontinuously  to  the  plains.  In  one 
place  this  valley  widens  out  in  a  beautiful  little  park,  known  as  Pleas- 
ant Valley,  about  10  miles  long  by  3  in  width.  The  course  of  the  river 
changes  half  a  dozen  miles  above  the  mouth  of  the  South  Arkansas  to 
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flOQtheast,  then  to  east-northeast  at  the  foot  of  Pleasant  Valley,  then 
again  to  a  coarse  slightly  sonth  of  east  at  the  mouth  of  Garrant  Greek, 
and  continues  thus  far  out  into  the  plains.  At  La  Junta  it  turns  to  the 
eastwar^y  and  pursues  an  east  course  out  of  the  State.  It  collects  water 
rapidly  in  the  mountains,  while  in  the  plains  very  little  reaches  it,  even 
each  streams  as  the  Purgatoire,  Apishpa,  Saint  Charles,  and  Fontaine 
qui  Bouille  running  very  low  in  the  dry  season. 
I  The  area  of  arable  land  on  the  Arkansas  and  its  branches  is  estimated 
to  be  1,979  square  miles,  or  7  per  cent,  of  its  drainage-area.  Like  the 
South  Platte  and  Bio  Grande  areas,  this  is  limited  entirely  by  the  amount 
of  water  available.  Of  this  arable  area  nearly  all,  or  1,740  square  miles, 
are  in  the  plains,  while  the  remainder  is  distributed  in  small  mountain 
valleys  on  the  main  river  and  some  of  its  mountain  branches. 

The  important  affluents  of  this  river  in  the  plains  are,  from  the  south, 
the  Purgatoire  (in  vernacular.  Picket  Wire),  the  Apishpa,  the  Huerfano, 
with  its  branch,  the  Gucharas;  the  Saint  Charles,  with  its  branchy  the 
Greenhorn,  and  Hardscrabble  Creek. 

On  the  north,  the  Fontaine  qui  Bouille  is  the  only  important  branch. 
Beaver,  Ute,  and  Turkey  Creeks  are  of  secondary  importance.  All 
these  streams  head  in  high  mountains,  and  carry  considerable  amounts 
of  water  where  they  reach  the  plains.  Their  courses  in  the  plains  are 
long,  and,  through  evaporation,  sinking,  and  the  present  needs  of  irri- 
gation, most  of  their  volume  is  lost  before  reaching  the  main  stream. 

In  tbe  mountains  the  tributary  streams  are  short,  and  most  of  their 
courses  are  down  mountain  slopes.  Tbe  most  important  of  them  are 
Grape  and  Texas  Greeks,  the  South  Arkansas,  Chalk,  Cottonwood,  Clear 
Lake,  and  Elbert  Creeks,  from  the  south  and  west;  ajud  Oil,  Currant, 
Badger,  Trout,  and  East  Arkansas  Greeks  from  the  north  and  east. 
The  Arkansas  Biver  has  been  gauged  several  times  at  Canon  City  and 
Pueblo,  at  difiterent  stages  of  water.  The  results  are  presented  in  the 
following  table : 


Cafton  City. 

Do  ... 
Pueblo 

Do... 


Locality. 


Date. 


End  of  Aogoat. 

November 

do 

June 


Cable  feet 
peraecond. 


8,050 
670 
606 

4,6U 


Authority. 


Gannett. 

£.  S.  Nettleton. 

Do. 

Do. 


From  these  measurements  it  would  appear  that  the  amount  of  water 
csarried  by  this  stream  at  the  end  of  July  is  about  2,600  cubic  feet  per 
second,  an  amount  sufficient  to  irrigate  about  870  square  miles.  This 
is  much  more  than  the  area  of  bottom-land  on  this  stream,  but  the  slope 
of  the  bed  is  amply  sufficient  to  take  water  up  on  the  bench-land. 

The  Purgatoire  is  estimated  to  have  145  square  miles  of  irrigable 
area ;  tbe  Apishpa,  87  square  miles ;  the  Huerfano  about  the  same  in 
the  plains,  and  the  Gucharas  145  square  miles.  In  these  cases,  the  most 
economical  placing  of  the  arable  land  will  be  near  the  debouchure  of 
these  streams  into  the  plains,  as  thus  the  great  loss  by  sinking  and 
evaporation  will  be  avoided. 

Buerfano  Park,  in  which  the  Huerfano  collects  most  of  its  drainage, 
is  an  elevated  valley  between  the  Sangre  de  Gristo  Range  on  the  west 
and  the  north  end  of  the  Wet  Mountains  on  the  northeast.  Its  average 
elevation  is  7,000  feet.  The  surface  is  somewhat  broken  with  benches 
and  long  swells.    It  is  mainly  valuable  as  a  grazing  area,  there  being 
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little  timber  in  the  park.  The  arable  area  ia  in  narrow  strips  along  the 
streams.    Its  total  amount  is  estimated  at  58  square  miles. 

The  Saint  Charles  and  Greenhorn  Rivers  can  water  155  square  miles. 
The  larger  part  of  tliis  is  at  the  east  foot  of  the  Wet  Mountains. 

The  Fontaine  Qni  Bouille  can  irrigate  about  145  square  miles,  distrib- 
uted in  a  narrow  belt  along  its  course.  Turkey  Greek  can  water,  possi- 
bly, 30  square  miles,  and  Beaver  Greek  half  as  much. 

Hardscrabble  Creek  flows  north  along  the  east  foot  of  the  Wet  Moun- 
tains, receiving  a  number  of  little  streams,  making  a  continuous  belt  of 
irrigable  land  at  the  foot  of  this  part  of  the  range.  The  area  is  esti- 
mated at  37  square  miles. 

In  the  mountains  there  is  a  small  irrigable  area  in  Pleasant  Valley 
of  about  15 square  miles.  At  the  mouth  of  the  South  Arkansas  there  is, 
perhaps,  twice  as  much  arable  land  on  the  main  stream  and  the  South 
Fork.  Farther  up  a  narrow  strip  of  arable  land  extends  from  the 
month  of  Chalk  Creek  up  to  the  foot  of  the  cailon,  and  above  the  caflou 
there  is  another  narrow  strip,  extending  up  nearly  to  the  head  of  the 
river.    Each  of  these  two  latter  areas  is  about  30  square  miles. 

Near  the  head  of  Oil  Creek  there  is  a  valley  containing  between  40  and 
45  square  miles  of  arable  land.  Currant  Greek  has  a  narrow  strip  of  ara- 
ble land  through  a  part  of  its  course,  amounting  to  about  15  square 
miles.  On  the  other  side  of  the  river  Texas  Creek  has  a  like  area  of 
arable  land,  situated  in  W^et  Mountain  Valley. 

The  following  table  gives  the  slopes  of  the  Arkansas  from  its  head  to 
the  eastern  boundary  of  Colorado.  The  elevations  are  nearly  all  baro- 
metric : 


Locality. 


Authority. 


Sonrrein  Temiewert  VaaB 

Mouth  CuloFRdo  Gulch 

Mouth  Lako  Creek 

Mouth  Pino  Crook 

Mourh  f 'otl  oa w(X)d  Creek 

MoHlh  Chalk  Crook 

MoutQ  South  Arkooaos 

Cafton  City 

Pueblo  

Houth  Apiahpa  Kiver.  • 

Twentv-tour  luiUta  ahovo  Bent's  Fort 
Near Bont's  Fort •... 


East  boundary  of  Colorado 


HaydcD . 

do  . 

do 

do. 

do. 

do 


K-inaaa  Pacific  Railmai 

Denver  and  Kio  Grande  Ilailroad. 
do 


'^4 

1^ 


MiU$. 
3.ia 
314 
303 
394 
281 
273 
250 
197 
157 
116 
106 

ei 

65 

4a 

21 
0 


el 


Feet. 
10,000 
9.586 
9,089 
8.6-20 
8, 317 
7,877 
6.500 
5.300 
4,670 
4.371 
4.091 
a  672 
3,537 
3,328 
3.166 
3,047 


a 

(4 


•a 


FeeL 


S3.0 
45.  a 
SS.1 
33.3 
:»5.0 
59.9 
2S.6 
15iW 
7.3 
9U.0 
17.5 

ao 

9.1 
7.7 
5.7 


•    THE  SAN  LUIS  VALLEY. 


This  is  the  most  southern  of  the  succession  of  high  mountain  valleys, 
and  is  the  largest  of  the  four.  Its  shape  is  nearly  elliptical,  the  longer 
axis  lying  about  north  and  south.  Its  greatest  length  is  about  140  miles, 
its  greatest  width  about  50,  while  the  mean  width  is  35  or 40  miles.  The 
area  is  approximately  5,300  square  miles.  The  elevation  ranges  from 
7,400  to  8,000  feet.  The  southern  third  of  this  valley  lies  in  New  l^Iexico. 
It  is  with  the  northern  two  thirds  that  we  have  to  do.    The  surface  of 
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tbls  valley  is  as  flat  as  a  billiard-table.  YariatioDs  of  level  are  very 
slight,  and  are  imperceptible  to  tbe  eye.  The  beds  of  the  streams  are 
bat  slightly  depressed  below  the  level  of  the  valley,  generally  but  two 
or  three  feet.  Most  of  the  soil  is  sandy,  especially  toward  the  eastern 
side,  where  the  saud  is  heaped  up  into  danes,  against  the  mountains^  and 
toward  the  south,  while  northward  the  saud  decreases,  and  the  soil  be-' 
comes  an  adhesive  clay. 

San  Luis  Creek  heads  in  the  northern  end  of  the  park  in  a  small  sub- 
valley  known  as  Homan's  Park.  In  its  southward  course  it  is  joined 
by  numerous  little  tributaries  from  the  Sangre  de  Cristo  Range,  on  the 
east.  Most;  of  these  little  streams  sink  in  the  porous  soil  in  the  summer, 
but  each  suffices  to  irrigate  a  small  patch  of  ground  at  the  fopt  of  the 
mountains. 

From  the  west,  Kerber  and  Sa watch  Creeks  join  San  Luis  Creek.  The 
former  has  a  few  square  miles  of  fine  meadow-land  along  its  course. 
The  latter,  a  large  creek,  has  fine,  broad,  meadow-like  bottoms  in  the 
park,  and  a  broad  valley  accompauies  the  creek  15  or  20  miles  into  the 
inoniitains.  On  this  and  the  main  stream,  San  Luis  Creek,  there  are 
very  large  arable  areas,  compared  with  tbe  apparent  size  of  the  creeks. 
From  percolation  through  the  soil,  most  of  the  bottom-land  is  more  or 
less  marshy,  i.  e.  naturally  irrigated. 

This  drainage  system  (of  San  Luis  Creek),  which  includes  the  north- 
ern half  of  the  portion  of  San  Luis  Valley,  which  we  are  considering,  is 
not  tributary  to  the  Bio  Grande,  but,  flowing  down  the  valley  near  its 
eastern  border  to  a  point  opposite  the  debouchure  of  the  Bio  Grande,  it 
spreads  out  into  an  extensive  swamp,  having  no  outlet,  save  evapora- 
tion, overgrown  with  luxuriant  grease  wood,  and  developing  here  and 
there  into  small  lakes  or  ponds,  the  water  of  which  is  a  strong  solution 
of  alkali. 

The  Bio  Grande  heads  in  the  heart  of  the  Sau  Juan  Mountains.  From 
the  great  snow-fields  and  the  abundant  showers  which  fall  on  these  high 
Tiiountains  the  stream  grows  rapidly,  and  at  its  entrance  into  San  Luis 
Valley  it  is  one  of  the  largest  streams  of  the  State.  From  the  point  of 
entrance  into  the  valley  its  course,  which  heretofore  has  been  nearly 
east,  gradually  turns  to  south  as  the  river  slowly  sweeps  out  into  the 
middle  of  the  valley.  It  has  several  good-sized  tributaries  in  the  val- 
ley, Alamosa  and  La  Jara  Creeks,  and  the  Conejos,  with  its  branch,  the 
liio  San  Antonio,  from  the  west,  and  the  Trinchera,  Culebra,  and  Cos- 
tilla from  the  east.  Many  more  streams  come  down  from  the  mountains 
to  the  edge  of  the  valley,  but  are  absorbed  by  the  hot  sandy  soil. 

The  mountains  on  all  sides  are  high,  and  send  down  a  large  amount 
of  water  into  the  valley,  but  the  character  of  the  soil  is  such  that  much 
of  it  is  immediately  absorbed. 

The  agricultural  capabilities  of  this  valley  are  measured  solely  by  the 
supply  of  water.  Were  there  a  sufficient  supply  of  that  liquid,  the 
whole  valley  could  be  made  productive. 

Prof.  Cyrus  Thomas,  in  the  annual  report  for  1870,  page  198,  esti- 
mates the  irrigable  land  at  25  per  cent.,  without  the  use  of  reservoirs. 
In  this  estimate  I  agree  with  him.  The  amount  of  water  which  enters 
the  valley  north  of  the  line  of  New  Mexico,  including  the  Bio  Grande 
(which  is  by  far  the  largest  stream),  will  irrigate  1,291  or  nearly  1,300 
square  miles.  This  is  very  nearly  all  the  water  which  enters  the  valley. 
The  irrigable  area,  then,  1,300  square  miles,  is  practically  the  entire 
irrigable  area  of  the  whole  valley,  and  is  about  25  per  cent,  of  the  en- 
tire area.    I,  however,  suppose  all  this  water  is  used  in  that  part  of  the 
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valley  wbich  is  in  Colorado,  and  thus  increase  the  proportion  of  iirigable 
area  to  32.5  per  cent  of  that  portion  of  the  valley. 

This  area  is  apportioned  as  follows  among  the  different  streams  which 
enter  the  valley.  The  Eio  Grande  carries  at  the  end  of  the  irrigating 
season  not  far  from  2,500  cubic  feet  of  water  per  second.  In  that  part 
of  its  course  above  the  San  Luis  Valley  there  is  but  little  irriga- 
ble land.  There  is  a  small  area  in  Antelope  Park,  but  it  is  too  high 
for  any  but  the  hardiest  crops  to  flourish.  Below  this  the  valley  is  nar- 
row, and  the  amount  of  water  used  for  irrigation  would  be  so  sm^l  that 
it  need  not  be  taken  into  account. 

Our  previous  supposition,  that  one  cubic  foot  of  water  per  second  will 
sufiice  to  irrigate  21d  acres,  will  not  hold  good  in  the  case  of  the  Rio 
Grande  drainage  area  in  this  valley,  for  the  soil  is  of  the  sandiest,  and 
the  waste  of  water  would  be  enormous.  Instead  of  allowing  3  cubic 
feet  per  second  to  the  square  mile,  1  should  judge  that  5  cubic  feet 
would  be  none  too  much.  This  would  give  an  irrigable  area  of  500 
square  miles  by  the  river,  and  by  its  branches  as  follows:  Alamosa  and 
La  Jam,  100  square  miles;  Conejos,  about  the  same;  the  Trinchera, 
72  square  miles ;  the  Culebra,  58  square  miles ;  the  Costilla,  29  square 
miles ;  and  the  Gata,  15  square  miles. 

Profile  cf  ike  Rio  Grande  from  iia  head  to  the  foot  of  Taa$  CaiUni.—(HaydaL) 


Head  Id  Cnnnincl  am  Pass 

Mouth  of  Polo  (^reck 

^oath  of  Lu8t  Trail  Creek 

Antfthtpc  Park 

I>elNort« 

la  San  Luis  Valley 

Do 

Foot  of  Taos  Cnfiou 


Fromlieod 


nam. 


4.5 

13.0 

se.0 

118.0 
148.0 


EleTsUoD. 


Fe$L 

I^tL 

ISlOPO 

10.7CO 

SI8.9 

9,590 

141.1 

8.990 

40.0 

7.800 

las 

7.  ri74 

10.5 

7.415 

as 

7,301 

mljk 


DRAINAGE  ABEA  OF  THE  SAN  JUAN  BIYEB. 


The  San  Juan  drains  the  southern  slopes  of  the  San  Juan  Mountains. 
The  headwaters  of  the  main  stream  and  most  of  its  branches  have  long 
soutberly  courses  in  the  mountains,  where  their  valleys  are  narrow,  and 
flanked  on  each  side  by  high  mountain  spurs.  The  draina^  area  in 
Colorado  is  but  5,G00  square  miles,  and  this  is,  in  large  part,  com[K>sed 
of  the  poorest  country  in  tlie  State.  ^  /In  and  near  the  mountains  the 
land  is  good  and  water  abundant,  but  away  from  them,  on  the  south 
and  west,  it  is  arid  and  desert.  There  is  no  water  in  the  country, 
except  in  the  main  river,  and  a  few  insignificant  holes  and  springs. 

Most  of  the  course  of  the  Sun  Juan  itself  through  the  arid  and  desert 
plateau  is  in  New  Mexico  and  Utah,  as  are  also  the  lower  courses  of  the 
more  important  branches. 

In  this  drainage  system  there  are,  it  is  estimated,  392  square  miles  of 
irrigable  land,  distributed  in  narrow  belts  in  and  near  the  mountains. 

On  the  liio  Navajo,  the  most  eastern  branch,  there  are  a  few  square 
miles  of  irrigable  valley,  extending  from  near  the  foot  of  Banded  Peak 
to  the  south  line  of  the  State. 

The  main  stream  (San  Juan)  has  a  fine  valley,  one  to  two  miles  in 
width,  extending  from  the  mouth  of  Canon  Creek  to  a  i>oint  below  that 
of  the  Jlio  Piedra,  a  distance  of  nearly  50  miles.    The  Piedra,  below  the 
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moath  of  the  Nutria,  and  tbe  latter  stream  through  nearly  all  its  course, 
have  fine  but  narrow  valleys,  and  the  Piedra  has  other  small  patches  of 
land  near  its  head.  The  liio  do  los  Pinos  has  a  narrow  valley  extending, 
with  short  breaks  to  its  continuity,  far  up  into  the  mountains.  Tbe 
Animas  and  Florida  have  similar  valleys.  That  of  the  former  stream  is 
particularly  fine,  spreading  out  in  Animas  Park  to  one  of  the  finest 
mountain  valleys  in  the  State.  The  La  Plata  can  water  a  strip  of  valley 
land  20  miles  long  by  at  least  2  in  width.  The  arable  land  on  the 
Mancos  is  mainly  in  a  patch  at  the  immediate  foot  of  the  La  Plata 
Mountains ;  but,  in  addition,  there  is  a  very  narrow  belt  along  the  river, 
for  25  or  30  miles  above  its  mouth. 

The  other  branches  of  the  San  Juan  in  the  State,  the  McElmo  and 
Hovenweep,  are  dry  the  greater  part  of  the  year  from  head  to  mouth, 
and  their  courses  are  in  close  ciifion. 

Profile  of  ike  San  Juan  Biver, — {Hayden.) 


Papwa  Sprlngn 

Moath  uE  Rio  Piodr^i 

Hotttb  of  Rio  Los  Piooi. 
Month  of  Rio  Aniinaa... 
Month  of  Rio  La  Plata . . 
Pktared  rocks 


Month  of  Rio  Maocos 


Month  of  McElmo  Wash 

Foitr  miles  below  month  of  Montcsnma  WaiOi . 
Month 


From  pre- 
ceding. 
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38 
S5 
40 
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11 
S2 
31 
13 

la 

11 


EloTation. 


Feet. 
7,005 
6,  COO 
5,750 
5.310 
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4,3P0 
3^300 


Fall  per 
mile. 


FoeL 


SO. 
10 
11 
4.3 
10.7 
l:i.6 

ae 

IS.  3 
11.0 


NoTB.— All  elevations  ore  bammetrio. 


Profile  of  ike  AidmaB  Biver,— {Hatfden,) 


IMvlde  at  bead 

Head  of  Baker's  Park 

Foot  of  Baker's  Park 

Month  of  Cascade  Creek  .. 
Head  of  Animas  Park....'. 

Foot  of  Animas  Park 

Month  of  Florida 

Month 


Mean  fall  per  mile  firom  head  of  Baker's  Park  to  month 


From 
month. 


MUes. 
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97 
80 
70 
56 
38 


Elevation. 


Fe0L 
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0,900 
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6,6.0 
6,106 
5,310 


Fall  per 
mile. 


FeeL 
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84 
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80 
81 
87 
81 


43.  T 


Note. — All  elevations  are  barometric. 


Profile  of  the  Lob  Pinos  Itivtr. — (ffaydcn.) 


Wceminncbe  Pass 

Trail  leave»  stream 

M  Mith  of  West  Branch  . . 
Mouth  of  ValLecito  Creek 
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88 


Note.— All  elevations  are  barometric. 
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Profile  of  the  Rio  Mancoe, — {Hayden,) 
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KOTK.— All  elevalioiiB  are  barometric. 


Profile  of  ihe  La  Plata  Bioer,—(Hayden,) 
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KoTB.— All  elevations  are  barometrio. 
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DRAINAGE  AREA  OF  GRAND  RIYEB. 

The  Grand  Kiver  unites  with  the  Green  to  make  the  great  Rio  Colo- 
rado of  the  West.  Its  head  is  among  the  snow-fields  of  the  western 
slope  of  the  Front  Range,  in  the  northeastern  part  of  Middle  Park.  Its 
drainage  area  in  Colorado  comprises  22,100  square  miles.  It  consists  of 
the  Middle  Park  and  the  inner  slopes  of  its  mountain  barriers,  a  large 
part  of  the  Park  Range,  the  western  slopes  of  the  Sawatch  Range,  the 
Elk  Mountains,  the  north  and  west  slope  of  the  San  Juan  Mountains, 
the  southern  portion  of  the  great  White  River  Plateau,  besides  an  enor- 
mous area  of  the  broken  plateau  country  farther  westward.  Itsjsourse 
from  its  head  to  its  junction  with  the  Green  is,  in  general  terms,  some- 
what south  of  west,  at  right  angles  to  all  the  ranges  and  ridges.  Con- 
sequently a  large  part  of  its  course  is  in  caiion,  in  forcing  its  way  across 
the  uplifts  which  it  encounters.  The  arable  area  on  the  main  stream  is 
comparatively  inconsiderable,  being  confined  to  cross-sections  of  the 
valleys  which  it  traverses.  The  total  area  of  arable  land  on  this  river 
and  its  branches  is  estimated  at  1,200  square  miles.  Of  this  but  320 
square  miles  are  on  the  main  river.  This  estimate  covers  all  the  level 
land  which  can  be  reached  from  the  stream,  and  has  no  reference  what- 
ever to  the  volume  of  water  carried  by  the  stream,  which  is  largely  in 
excess  of  that  required  to  irrigate  this  area.  The  river  was  gauged 
just  above  the  mouth  of  the  Gunnison  on  the  23d  September,  and  found 
to  carry  4,850  cubic  feet  per  second.  At  the  close  of  July  it  must  carry 
at  least  0,000  cubic  feet.  Other  measurements,  higher  up  the  stream, 
have  been  made.  Just  below  the  mouth  of  the  Eagle,  a  large  branch 
from  the  Sawatch  Mountains,  it  carried,  in  Xovemher,  871  cubic  feet, 
and  at  the  Hot  Springs  in  Middle  Park,  near  its  head,  it  carried,  in 
Sei)teinber,  802  feet.  These  last  two  measurements  were  made  by  Mr. 
S.  B.  Ladd,  at  that  time  attached  to  this  survey. 
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Of  the  brancbes  of  Grand  Biver,  but  one,  fhe  TJncompahgrey  has  suf- 
ficient land  suitably  situated  to  use  up  all  its  watier. 

The  Middle  Park,  so  called|  is  rather  a  collection  of  valleys,  sep- 
arated by  high  mountain  ridges.  On  the  east,  the  great  wall  of  the 
t^ont  Bange  separates  it  from  the  plains  and  forms  the  water-shei^  of 
the  continent.  On  the  .west,  it  is  shut  in  by  the  Park  Bange,  through 
which,  in  a  deep,  narrow  gorge,  the  waters,  collected  in  this  depression, 
find  an  exit.  On  the  north  and  south,  the  ridges  which  separate  the 
secondary  streams  of  the  Park  rise  to  a  considerable  elevation,  and  are 
connected  by  saddles,  forming  the  boundaries  on  those  sides. 

The  principal  brandies  of  the  Grand  in  the  Park  are  the  North  Fork. 
Willow  Creek,  Troublesome  Creek,  and  the  Muddy  from  the  north,  and 
Frazer,  Williams,  and  Blue  Bivers  from  the  south.  All  these  are  con- 
sequent streams,  and  all  are  in  valleys  of  greater  or  less  width,  yet  the 
amount  of  arable  land  on  them  is  comparatively  insignificant,  being 
altogether  but  30  square  miles.  That  on  the  main  river  within  the  Park 
is  44  square  miles,  giving  a  total  of  74  square  miles. 

The  arable  area  on  the  Grand,  in  this  part  of  its  course,  is  in  the 
form  of  a  narrow  strip,  perhaps  a  mile  wide,  extending,  with  a  few 
short  interruptions,  across  the  Park  from  east  to  west  Frazer  Biver 
has  a  small  area  of  arable  land  near  its  month  and  another  some  12  or 
16  miles  above.  The  Blue  Biver  has  a  few  square  milejs  of  cultivable 
land  near  its  mouth.  The  valleys  of  the  other  streams  in  the  Park  con- 
tain no  arable  land.  The  elevation  of  the  valleys  in  Middle  Park  range 
from  8,000  to  9,000  feet 

All  these  valleys  contain  large  extents  of  pasture-land,  extending  to 
the  bases  of  the  mountains.  The  mountains  are  everywhere  heavily 
timbered  With  pine  and  spruce. 

Following  the  river  down,  the  next  arable  areas  of  any  extent  are  at 
the  mouth  and  head  of  Egeria  Creek.  In  these  localities  there  are 
about  30  square  miles  of  excellent  land.  The  canon  which  the  ri^er 
enters  at  the  foot  of  Middle  Park,  and  which  opens  out  into  a  valley  at 
the  mouth  of  Egeria  Creek,  closes  again  below,  and  extends  almost 
continuonsly  down  the  river ,to  a  point  about  10  miles  below  the  mouth 
of  Bearing  Fork.  In  this  ckuou  Eagle  Biver  joins  the  Grand.  This 
stream  drains  the  north  end  of  the  Sawatch  Bange  and  part  of  the 
westew  slopes  of  the  Park  Bange,  heading  opposite  the  Arkansas,  and 
occupying  the  same  consequent  valley.  Along  it  and  two  of  its 
branches,  Brush  and  Gypsum  Creeks,  it  is  estimated  that  there  are  87 
square  miles  of  arable  land,  extending  in  narrow  belts  along  these 
streams. 

Boaring  Fork  drains  the  northern  slopes  of  the  Elk  Mountains.  Its 
course,  and  those  of  its  numerous  branches,  are  mainly  in  narrow  mount- 
ain valleys.  Its  arable  land  consists  of  a  small  patch  at  the  mouths  of 
Hunter's,  Woody,  Castle,  and  Maroon  Creeks,  and  a  strip  at  the  month 
of  Bock  Creek;  in  all  some  15  square  miles.  Farther  down,  the  Grand 
enters  a  broad  valley,  of  which  a  very  considerable  part,  about  72 
square  miles,  can  be  irrigated  and  made  productive.  Its  present  prod- 
uct is  mainly  sago.  Below,  the  river  flows  through  a  valley  several 
miles  wide,  but  utterly  unfit  for  agriculture,  as  the  surface  is  very 
uneven  and  cut  by  numerous  arroyas.  At  the  foot  of  this  valley  Pla- 
teau Creek  enters  the  Grand.  On  this  stream  there  is  a  small  area  of 
arable  land. 

Parsing  through  another  short  cailon,  the  Grand  emerges  into  that 
great  valley  which  is  known  here  as  the  Grand  Biver  Valley,  farther  up 
as  the  Gunnison,  and  still  farther  as  that  of  the  Uncompahgre.    The 
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80uth  end  of  this  great  valley  is  at  the  Dorthem  foot  of  the  San  Jaaa 
Mountains.  Thence  it  extends  nearly  northwest,  embracing,  with  its 
slopes,  all  the  drainage  of  the  Uncorapahgre,  a  large  branch  of  the  6an- 
nison,  which  in  turn  is  the  largest  branch  of  the  Grand.  Near  the  mouth 
of  the  Uncompahgre  the  Gunnison  turns  from  west  to  northwest,  keep- 
ing  the  course  of  the  valley,  and  occupying  a  caHon  on  the  west  edge  of 
the  middle  of  the  valley.  At  the  mouth  of  the  Gunnison  the  Grand 
'takes  its  direction,  following  the  northwestern  course,  and  hngg^ing  the 
clififs  on  the  southwest  side  of  the  valley.  At  the  month  of  Salt  Creek 
the  river  turns  sharply  at  right  angles  and  flows  off  to  the  southwest. 
The  valley,  also,  bends  around  to  the  west,  in  deference  to  the  course  of 
the  Roan  Cliffs,  which  here  border  it  on  the  north.  Altogether  this  val- 
ley has  in  Colorado  a  length,  northwest  and  southeast,  of  114  miles.  Its 
width  is  variable.  On  the  Uncompahgre  it  is  widest,  reaching  18  miles, 
while  farther  down  it  is  from  G  to  12  miles  in  width.  Its  area  is  between 
1,300  and  1,400  square  miles.  In  the  course  of  this  valley  we  find  all 
grades  of  natural  fertility  or  barrenness.  At  its  head,  in  Uncompahgro 
Park,  the  valley  is  filled  with  meadow  grass,  and,  in  season,  is  carpeted 
with  flowers.  The  timber  on  the  hillsides  is  heavy  spruce  and  pine. 
Going  down  the  valley,  the  abundant  growth  of  grass  disappears  to  make 
way  for  sage ;  then  that  becomes  stunted  and  scanty,  and  below  the 
mouth  of  the  Gunnison  the  valley  is  nearly  destitute  of  vegetation,  and 
presents  a  hard,  smooth  surface  of  white,  sunbaked  clay.  Uf  this  val- 
ley, the  waters  of  the  Grand  Biver  can  reach  only  about  200  square 
miles,  all  which  is  situated  on  the  northeast  side  of  the  river.  The  sonth 
bank  is  a  vertical  wall,  of  too  great  a  height  to  surmount  with  the  slight 
fall  of  the  river.  The  soil  of  this  part  of  the  valley  is  a  stiff,  adhesive, 
bottomless  clay,  containing  considerable  alkali.  Its  elevation  is  about 
1,500  feet  above  sea.  This  is  the  last  arable  area  on  the  Grand  in 
Colorado. 

The  Gunnison,  from  its  mouth  up  to  the  mouth  of  Roubideau^s  Creek, 
i.  €.,  nearly  to  the  month  of  the  Uncompahgre,  is  in  a  caiiou  (300  to  1,000 
feet  deep^,  cut  in  the  edge  of  the  valley,  with  the  exception  of  a  mile  or 
two  at  th*o  mouth  of  Whitewater  Creek.  At  this  point  there  is  a  small 
area  of  meadow-land,  easily  irrigated. 

The  surface  of  this  part  of  the  valley  is  quite  uneven,  being  much  cut 
up  by  ridges  running  down  from  the  Grand  Mesa  just  east  of  it.'  This 
portion  of  the  valley  between  the  Gunnison  and  Grand  is  almost  utterly 
worthless.  The  only  part  of  that  can  be  irrigated  are  the  Iwttom-lands 
above  the  mouth  of  Koubideau's  Creek.  These  average  two  miles  in 
width,  and  arc  just  high  enough  to  escape  floods. 

In  the  upper  portion,  known  as  the  Uncompahgre  Valley,  a  different 
condition  of  things  exists.  The  bottom-lands  of  the  Uncompahgre  aver- 
age at  least  a  mile  in  width.  The  bench  is  smooth,  sloping  with  the 
river-bed  approximately,  and  but  50  to  100  feet  above  it,  while  the 
fall  of  the  river  is  quite  rapid.  The  whole  volume  of  the  river  can  be 
used  to  advantage,  with  plenty  of  land  remaining  to  await  a  change 
of  climate. 

In  September  the  river  was  gauged  at  the  agency,  near  the  head  of 
the  valley,  and  found  to  carry  350  cubic  feet  of  water  per  second.  This 
implies  about  600  cubic  feet  at  the  end  of  July;  an  amount  suflicient  to 
irrigate  about  200  square  miles.  The  elevation  of  this  valley  is  from 
5,000  to  0,000  feet. 

The  Gunnison  River  heads  in  the  saddle  connecting  the  Elk  and  Sa- 
watch  Ranges.  Its  drainage-basin,  of  8,000  square  miles,  includes  most 
of  the  western  slopes  of  the  JSawatch  Range,  the  southern  sloi)es  of  the 
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Elk  MoniitaiDS,  and  the  Dorthern  slopes  of  the  San  Jnan  Group.  Though 
the  drainage-area  is  not  large,  its  mean  elevation  is  very  high,  and  it 
inclades  the  loftiest  and  heaviest  ranges  in  the  State ;  and,  in  propor- 
tion to  the  size  of  its  drainage-area,  this  river  is  one  of  the  largest.  It 
starts  as  a  consequent  stream,  pursuing  a  course  parallel  to  the  wall  of 
the  Sawatch  Kange^  which  forms  the  eastern  boundary  of  its  valley. 
In  this  valley  there  is  considerable  irrigable  laud^  but  the  great  eleva- 
tion ^over  9,000  feet)  and  the  stony  nature  of  the  soil  (it  is  derived  from 
morainal  deposits)  lessen  its  agricultural  value  materially.  At  the  foot 
of  this  valley  the  river,  re-enforced  by  several  large  mountain  streams^ 
tarns  at  right  angles  and  boldly  pushes  westward.  At  the  outset  it 
meets  with  difficulties,  and  is  forced  to  cut  a  canon  through  a  heavy 
broad  ridge  which  connects  the  Elk  Mountains  with  a  heavy  westward 
spur  from  the  Sawatch  Range.  That  passed,  it  enters  a  broad  valley, 
down  which  it  meanders  peacefully,  receiving  several  large  branches — 
Slate  Biver  and  Ohio  Greek  from  the  north,  and.Tomichi  Greek  from 
the  east.  The  first  two  head  in  the  Elk  Mountains,  and  have  compara* 
tively  short  courses.  Their  valleys,  which  in  the  mountains  are  narrow, 
widen  as  they  approach  the  Gunnison ,  and  help  to  swell  the  arable  area 
of  this  valley. 

The  Tomichi  heads  about  Mount  Ouray,  in  the  Sawatch  Bange,  and 
flows  nearly  west  throughout  its  course.  Through  most  of  its  long 
course  its  valley  is  narrow,  inclosed  by  high  hills — spurs  from  the  Sawatch 
Bange.  A  narrow  ribbon  of  arable  land  runs  down  this  valley,  almost 
continuously,  from  its  head  to  its  mouth. 

A  narrow  belt  of  arable  land  extends  down  the  Gunnison  half  a  dozen 
miles  below  the  mouth  of  the  Tomichi,  then  the  river  enters  a  low  ca&on, 
in  which  it  flows  for  about  15  miles.  Then  there  is  a  short  valley,  ex- 
tending up  two  creeks  which  flow  in  from  the  north,  giving  S  or  10 
square  miles  of  good  land.  The  White  Earth,  which  comes  in  just 
above  this  valley,  has  a  beautiful  little  valley  about  20  miles  above  its 
month.  And  on  Lake  Fork,  which  comes  in  at  the  foot  of  this  valley 
on  the  Gunnison,  there  is  a  narrow  strip  of  arable  land,  commencing  15 
mil^s  above  itB  mouth  and  running  up  about  10  miles. 

Below  the  mouth  of  Lake  Fork  the  river  enters  the  Grand  Canon,  50 
miles  long,  and,  at  its  deepest,  3,000  feet  in  depth.  Of  the  streams 
which  join  it  in  the  canon,  none  have  arable  areas  of  any  considerable 
extent.  Blue  and  Gebolla  Greeks  have  small  patches,  and  the  North 
Forky  which  enters  near  the  foot  of  the  caHon,  furnishes  a  cultivable 
area  of  10  or  12  square  miles. 

Below  the  caiion  the  river  enters  the  Uncompahgre  Valley,  already 
described.  The  total  amount  of  arable  land  on  the  Gunnison  and  its 
branches  is  500  square  miles. 

The  Dolores  and  San  Miguel  Bivers  rise  in  the  western  part  of  the 
San  Juan  Mountains.  They  quickly  reach  the  level  of  the  plateaus  and 
immediately  bury  themselves  beneath  that  level,  and  flow,  through  nearly 
their  whole  courses,  in  caiion.  The  San  Miguel  Biver  scarcely  comes  to 
the  surface  of  the  country  at  all  during  its  course.  In  one  place  just 
above  the  mouth  of  Naturita  Greek  its  walls  diminish  in  height  to  little 
more  than  bluffs,  and  its  valley  widens  out  to  about  a  mile,  giving  room 
for  a  few  farms.  On  the  Dolores  there  is  a  narrow  strip  about  its  south- 
ern bend,  in  the  neighborhood  of  the  mouth  of  Lost  Gallon,  another  and 
larger  area  at  the  foot  of  Gypsum  Valley,  and  a  third  in  Paradox 
Valley.  Below  the  junction  with  the  San  Miguel,  at  the  mouth  of  the 
Unaweep  Gauon,  there  is  another  irrigable  patch.  Altogether,  the 
Dolores,  including  the  San  Miguel,  has  145  square  miles  of  arable  land. 
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At  the  forks  of  the  Little  Dolores  there  is  an  area  of  aboat  30  square 
miles  of  good  land. 

Profile  of  the  Grand  Biver, — (Htrtden,) 


Gmnd  Lake,  Middle  Park..., 

Forks 

Hot  Sprln)^ 

Moatb  of  J^luddy  Creek 

Foot  of  t>afion  iu  Park  Eaoge 

Moath  of  Kasle  Ki ver 

Month  of  RonriDK  Fork 

Moatb  of  North  Mam  Creek . 

^looih  of  Roao  Creek 

Moath  of  Gunnison  Kiver  ... 

-Headof  LowCal&on 

Honesboe  Bend 

Month  of  Dolores  River 

Month 


From  month. 

Xleratioo. 

Fall  per 
mile: 

JiiUi. 

JWt 

IM. 

348 

8,153 

344 

8,193 

9.0 

330 

7,715 

7.0 

303 

7,180 

ao.0 

895 

7,000 

%\1 

S38 

6,185 

ULl 

S09 

5,743 

90.1 

188 

5,645 

1X3 

1S9 

5^100 

0.6 

190 

4,583 

lao 

104 

4,500 

1.4 

70 

4,300 

5l0 

58 

4,850 

S.8 

0 

3,000 

6.7 

Note.— All  elevations  are  barometric. 
Profile  of  the  Eagle  Bher. — (ffayden,) 


Head  in  Tennessee  Pass 

Muutli  of  Uuintstako  Creek 

^foiith  of  Uocbe  Moutonne6  Creek 

Month  of  Gore's  Creek 

Head  ofc{i&on 

Month 


From  month. 


AfOct. 


50 
45 
41 
89 
0 


Elevation. 


FuL 
10.418 
8,603 
7,856 
7,700 
7.005 
6,185 


Pall   per 
mile. 


144 

167 
10 
53 
38 


Note.— All  elevations  are  barometric. 
Profile  of  the  Roaring  Fork, — (Hayden.) 


From  month. 


Head 

Muuth  of  riiinter'a  Creek. . . 
Mouth  of  Difficult  Croek  . . . 

Mouth  of  Castlo  Creek 

Mouth  of  Frvioi^-pan  Croek 

Mouth  of  Rock  Creok 

Mouth , 


MUes. 


64 
55 
48 
43 
25 
18 
0 


Elevation. 


Feet. 
11,670 
9,400 
8,241 
7. 942 
6,626 
6,000 
5,743 


Fall  per 
mile. 


Fe$L 


885 
166 
60 
73 
48 
91 


Note— 'All  elevations  are  barometric. 
Profile  of  the  Gunnison  Bilker.— (Ilayden,) 


Head 

Month  of  Vium  Creek 

Head  of  I  ■  pper  Caftou 

Mouth  ot  Slato  River 

Month  of  Tomichi  Creek 

Foot  of  open  valley 

Mouth  of  White  liarth  River 

Mouth  of  Lake  Fork , 

Mouth  of  Celxilla  Creek 

Mouth  of  North  Fork 

Mouth  of  l7ucompah;?re  River 

Moiuh  of  lioubidcau'H Creek 

Mouth 


From  month. 

Elevation. 

Fall   per 
mile. 

MiUt. 

Feet 

FeeL 

900 

11,000 
9,669 

185 

75.4 

176 

9. 576 

32.6 

157 

8,176 

73.7 

141 

7,725 

98.8 

130 

7,638 

7.D 

123 

7,450 

96.9 

112 

7,213 

91.5 

97 

6,800 

97.5 

fi2 

5,405 

39.9 

45 

5.10!) 

17.9 

40 

4,925 

35.0 

0 

4,523 

10.0 

Note  —All  elevations  are  barometric. 
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Profile  of  the  Lake  Fork  of  (he  Gunnieon. — (HaydeH.) 


VtammoatlL 


Elevttion. 


F»ll  per 
mile. 


Head 

Vallev 

If  oath  of  Sooth  Branch. . 
Month  of  Goodwin  Creek 
Month  of  lodiAO  Creek . . 
Month 


99 
58.5 
51 
3« 
15 
0 


uaeo 

11,060 
0,860 
8.600 
7,860 
7,S13 


Wcft, 


880 

S18 

80 

38 

43 


KoTX.— All  elevatione  nre  harometrio. 


Profile  of  ike  Unoompahgrc  Biver, — (Hayden,) 


Divide  At  head '. .. 

Head  of  aoiall  valley 

I«ower  end  of  aniali  volley 

LiO wer  end  of  cafion 

Month  of  Dallas  Fork  . . . . 
XJncompahuro  oeency  — 
Ford  of  Salt  Lake  Koad  . . 
Month 


From  month. 


MUet, 
7&5 
74.5 
7«.5 

oas 

54.5 
40 
89.5 
0 


Xleration. 


Feet 
11,100 
9,700 
9.500 
8.000 
7,000 
^400 
5.800 
5,100 


Fall  per 
mile. 


Feet. 


350 

100 

375 
71.4 
41.4 
57.1 
S3.7 


Note All  elevations  are  barometric. 


Profile  of  the  Rio  Dolores,— {Hoyden.) 


Month  of  Lost  CaBon 

Month  of  Disappointment  Creek 

In  Paradox  Valley 

Mouth  of  San  Mi^el  River 

Mouth  of  Unawoep  Ca&on 

Month 


From  month. 


Milee. 
134 
83 
49 
43 
Si 
0 


Elevation. 


Feet. 

6,950 
6,5G0 
5,100 
5,000 
4,600 
4,350 


Fall  por 
mile. 


Feet 


IS 
17 
18 
17 


Note.— All  elevations  are  barometric    Mean  fall  per  mile,  )K).l. 


WHITE  RIVER. 


White  River  heads  in  high  plateaasi,  which  reach  the  timber-line.  Its 
general  course  is  westward,  varied  by  occasional  curves  toward  the 
north  and  south.  From  head  to  month  it  traverses  plateaus,  mainly 
inclined  at  low  angles.  Throughout  it  flows  in  a  valley,  through  most 
of  its  course  narrow,  and  limited  by  caiion-walls.  The  arable  belt  is 
narrow,  nowhere  exceeding  a  mile  in  width,  excepting  in  Simpson's 
Park,  where  the  White  River  agency  is  located.  Here  th  3  valley  spreads 
out,  making  an  irrigable  patch  four  or  five  miles  in  width  by  about  the 
same  length. 

Of  the  branches  of  White  River,  the  only  one  having  any  arable  land 
in  its  caiion  is  that  known  as  Piceance  Creek,  which  has  a  narrow  belt 
along  it  for  twenty  miles  above  its  month. 

The  whole  amount  of  arable  land  on  the  White  River  drainage,  an 
area  of  3,G00  square  miles,  is  174  square  miles,  an  area  by  no  means 
safBcient  to  use  up  all  the  water  brought  by  the  stream. 
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YAMPA  BIVSB. 

The  Yampa,  with  its  branch,  the  Little  Snake,  makes  a  rather  more 
favorable  showing.  This  stream  heads  in  Egeria  Park,  opposite  the 
head  of  Egeria  Creek.  It  flows  nearly  north  for  aboat  thirty  miles, 
then  tarns  abruptly  to  the  west,  and  holds  a  tolerably  straight  coarse 
to  its  month.  William's  Biver,  Elkhead  River,  and  the  Little  Snake  are 
its  principal  branches. 

The  drainage  area  of  the  Yampa  is  5,900  square  miles.  It  indndes 
the  Park  and  Elkhead  Moantains,  which  occnpy  the  eastern  part  of  the 
drainage  area.  Besides  these  moantains,  the  coantry  is  generally  made 
up  of  plateaus,  somewhat  broken  and  irregular.  The  ^ds  of  most  of 
the  tributaries  are  dry  the  greater  part  of  the  year. 

The  arable  areas  of  this  system  are  located  on  the  main  stream,  Sage 
Greek,  William's  Biver,  and  tl\i9  Little  Snake,  and  on  the  first  and  last 
are  of  the  most  importance.  The  total  amount  of  arable  laud  is  319 
square  miles. 

From  Egeria  Park  to  the  mouth  of  Sage  Greek  there  extends,  with 
two  short  interruptions,  a  strip  of  arable  land  of  width  varying  from 
one  to  five  miles.  About  the  mouth  of  Oak  Greek  there  is  a  broad  ex- 
panse of  arable  land,  extending  some  distance  up  Oak  Greek  and  other 
small  branches  in  that  neighborhood.  Sage  Greek  waters  a  small  area 
of  valley,  up  which  passes  the  road  from  the  Middle  Park  to  the  Yampa 
Biver.  On  the  main  Yampa  a  narrow  strip  extends  down  the  river 
about  twenty  miles  from  the  town  of  Hayden,  with  a  branch  running 
five  or  six  miles  up  the  Elkhead  Biver.  Below  this  the  river  is  in 
caiion  for  twenty  miles,  then  opens  out  into  a  short  valley,  and  again 
into  a  larger  one,  extending  nearly  down  to  the  mouth  of  the  Little 
Snake. 

The  Little  Snake  has  two  good-sized  valleys.  One,  at  its  mouth, 
extends  about  ten  miles  up  the  stream,  with  an  average  width  of  two 
miles.  Twelve  or  fifteen  miles  above  its  bead  the  cauon  opens  again 
into  a  valley,  averaging  three  miles  in  breadth  and  twenty-five  miles  in 
length  within  the  State. 

The  Yampa  was  gauged  about  the  middle  of  November,  at  the  ford 
of  the  wagon-road  from  the  White  River  agency  to  Bawlins,  and  was 
found  to  carrj  364  cubic  feet  per  second.  This  was  at  nearly  the  lowest 
stage  of  water,  and  indicates  an  abundance  of  water  in  the  irrigating 
season  for  all  the  land  which  can  be  reached.  Iso  definite  data  concern- 
ing the  fall  of  the  stream  are  accessible,  but  it  is  known  to  be  amply 
sufilcient  to  take  the  water  over  any  ground  suitable  for  cultivation. 


CHAPTER  IV. 


IBBIQATION  IN  COLORADO. 

ft 

IBBiaATION  DITCHES. 

At  present,  in  Colorado,  most  of  the  irrigating  ditcbes  are  bailt  by 
companies,  who  sell  the  water  by  the  ^<  inch  "  to  the  ranchmen.  Much 
irrigation,  also,  is  done,  pn  a  small  scale,  by  individual  ranchmen,  and 
again,  by  co-operation,  several  large  ditches  have  been  made,  and  con- 
sraarable  areas  of  land  placed  under  irrigation.  I  have  sacceeded  in 
obtaining  the  details  of  construction  of  several  of  the  largest  of  these 
ditches. 

The  Platte  water  canal  is  24  miles  long,  extending  from  the  foot  of 
the  canon  of  the  South  Platte  to  Denver.  Its  original  width  at  the 
bead  was  10  feet,  and  depth  of  water  2  feet,  gradually  decreasing  in  size 
as  it  neared  the  city.  It  has  since  been  enlarged  to  a  head  width  of  30 
feet  and  depth  of  3  feet.  Th^  slope  ranges  from  6  feet  to  18  inches 
per  mile. 

Capt.  E.  L.  Berthond,  of  Golden,  Golo.,  has  sent  me  the  following 
statistics  concerning  the  Greeley,  Evans,  and  Qolden  ditches : 

Oreeley^  north  9id^  of  the  Cache  la  Poudre. — The  Big  Greeley  ditch  takes 
water  from  the  Cache  la  Poudre  River.  It  is  36  miles  long.  At  its 
head  it  is  25  feet  wMe  on  the  bottom,  diminishing  to  15  feet  in  width  at 
Greeley.  At  its  head  it  has  3^  feet  depth  of  water,  which  is  diminished 
to  3  feet  at  Greeley.  For  the  first  22  miles  the  slope  is  3^  feet  per  mile, 
with  2^  feet  for  the  remainder  of  its  course.    The  cost  was  $66,000. 

Oreeley  ditch^  on  the  south  side  of  the  Cache  la  Poudre. — This  ditch  is  11 
miles  long,  12  feet  wide  at  bottom.  The  side-slopes  are  1  to  1.  Depth  of 
water  2^  feet.    The  cost  was  $15,000. 

Evans, — The  town  ditch  is  5  miles  long,  6  feet  wide  on  bottom,  side 
slope  1  to  1.  Water  is  2  feet  deep.  Slope  of  bed,  2^  feet  per  mile.  Cost 
was  $4,800. 

The  Big  Etans  ditch^  on  the  south  side  of  the  South  Platte  River. — The 
length  pf  the  main  trunk  and  branches  is  45  miles.  The  main  ditch  is 
10  feet  wide  at  bottom ;  the  water  is  from  2  feet  to  1^  in  depth.  Side 
slope  1  to  1.    Grade,  5  feet  4  inches  per  mile.    Cost,  $23,000. 

Qolden. — The  town  ditch  is  6  miles  long,  6  feet  wide  on  the  bottom, 
with  20  inches  depth  of  water,  and  a  grade  of  10^  feet  per  mile.  The  cost 
was  $17,000. 

The  following  sketch  of  the  modus  operandi  of  irrigation  at  Greeley, 
Colo.,  written  by  Mr.  N.  C.  Meeker,  of  the  Greeley  Tribune,  describes 
the  best  example  of  irrigation  in  Colorado,  if  not  in  the  West : 

**  The  system  of  irrigation  established  at  Greeley  is  different  from  any 
other  in  the  world,  particularly  in  regard  to  the  right  to  water.  The 
valley  of  the  Cache  la  Poudre,  in  which  Greeley  is  situated,  was  located 
and  settled  by  the  Union  colony,  composed  of  only  600  members,  mostly 
beads  of  families.  The  location  and  purchase  of  the  land  was  made  by 
a  committee,  the  president  of  which  had  control  of  a  common  fund, 

339 


340  REPORT   UNITED   STATES   GEOLOGICAL  SCRYEY. 

amountiDg  to  over  8100,000.  With  a  portion  of  this  money  the  land 
was  bought,  and  with  another  portion  the  irrigating  canals  were  oon- 
stmcted  and  a  fence  built  around  the  whole  domain,  a  distance  of  45 
miles.  A  canal  10  miles  long  waters  the  town  and  suburban  property, 
being  15  feet  wide  and  2^  deep.  It  lies  on  the  south  side  of  the  Cache 
la  Poudre.  The  other  canal  is  36  miles  long,  22  feet  wide,  and  5  feet 
deep.  As  these  canals  were  paid  for  out  of  a  common  fund,  the  right 
to  use  water  is  attached  to  the  fealty  or  to  the  soil,  always  being  desig- 
nated by  the  proper  subdivisions  of  the  section  and  township.  The 
price  originally  attached  to  a  water-right  was  $150,  but,  enlargements 
having  been  made,  the  cost  has  been  added,  and  now  the  price  is  about 
$300.  There  is,  therefore,  no  charge  made  for  the  use  of  water,  but 
there  is  an  annual  charge  for  superintendence  and  repairs,  usually  about 
25  cents  an  acre  per  annum.  All  other  canals  in  the  State  are  owned 
by  companies,  and  the  charge  for  water  per  acre,  for  one  season,  is  $1.50 
to  $2,  so  that  the  cost  of  water  for  a  year,  for  160  acres,  is  more  than  a 
whole  water-right  in  the  Greeley  canal.  Now,  while  a  water-right  is 
attached  to  a  particular  piece  of  land,  as  above  stated,  it  is  permitted 
that  the  owner  of  a  right  may  transfer  his  water  to  another  piece  of  huid 
for  one  season,  or  sell  it  for  the  same  time  to  another  farmer,  the  price 
being  from  $20  to  $30,  but  increasing  year  by  year.  The  volume  of 
water  which  a  water-right  carries  has  been  about  40  inches,  delivered, 
say,  under  6  inches  pressure,  and  this  one  right  will  water  40  acres,  that 
is,  an  inch  to  the  acre.  But  as  the  average  size  of  farms  is  SO  acres,  a 
farmer  either  owns  two  rights,  or  hires  another,  or  as  frequently  ex- 
changes. Thus  farmers  on  a  common  lateral  agree  that  one  farmer  shall 
have  the  use  of  half  a  dozen  water-rights  for  one  day,  or  two  days,  then 
another  farmer  will  take  the  same  body  of  water,  and  so  around,  whereby 
an  immense  volume  of  water  is  obtained  and  a  large  area  is  more  ex- 
peditiously irrigated  than  a  smaller  one  would  be  in  proportion.  This 
arrangement  works  extremely  well ;  indeed,  the  plan  of  making  water 
nearly  as  transferable  as  a  horse  adds  immensely  to  the  capacity  of  the 
stream  itself. 

When  irrigation  first  commenced  great  difficulty  arose  in  dividing 
water,  for  those  living  along  the  upper  part  of  the  canal  got  most  water ; 
much  of  the  time  those  living  at  the  lower  end  got  none,  and  disputes 
and  complaints  were  general ;  nor  could  any  light  be  had  on  the  subject 
from  those  who  had  been  irrigating  elsewhere  long  before.  This  is  a 
difficulty  that  seems  general  even  in  southern  Europe  and  in  Oriental 
countries. 

To  J.  Max  Clark,  of  Greeley,  are  the  people  indebted  for  a  device  which 
settles  the  whole  question  in  an  entirely  satisfactory  manner.  Thus : 
Tbe  Humes  from  wbich  water  is  admitted  into  the  laterals  are  set  dowa 
to  tbe  level  of  tbe  canal,  and  being  about  12  feet  long  and  from  1  foot 
to  3  feet  wide,  tbey  reach  clear  across  tbe  embankment.  A  gate  set  at 
a  fixed  uniform  height  admits  tbe  water  from  the  canal,  and  thus  a 
iKxly  of  still  water  of  a  fixed  depth  is  presented,  and  from  this  still  wa- 
ter a  gate  on  tbe  field  side  is  opened  as  bigb  as  will  supply  the  number 
of  water-rights  claiming  below.  Tbe  rate  or  volume  for  each  man  is 
ascertained  first  by  measuring  tbe  amount  which  tbe  canal  carries^ 
and  dividing  this  by  tbe  numl^r  of  water-rights,  whereby  the  whole  of 
the  water  is  used  and  each  man  on  the  canal  gets  his  proper  share.  In 
a  similar  way  farmers  divide  water  at  their  fields  from  a  common  lateral. 
This  principle  for  dividing  water  bas  been  re{)eateilly  demonstrated  to 
be  correct;  perhaps  tbe  best  proof  is  tbe  unusual  satisfaction  which  it 
gives.    At  each  fiume  a  notice  is  posted  wbich  indicates  who  have  a 
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right  to  water  below,  and  if  a  man  has  not  settled  his  assessment  or  tax, 
he  can  have  no  water.  At  first  locks  were  placed  on  the  gates,  bat  their 
use  has  been  abandoned,  becaase  if  a  man  should  draw  more  than  his 
share,  the  superintendent  would  gaickly  detect  it  by  the  gauge  or  fig- 
ures on  the  lower  gate ;  besides,  when  a  man  knows  that  he  is  getting 
what  belongs  to  him,  he  is  restrained  by  a  sense  of  justice,  and,  more- 
ever,  the  State  laws  are  as  strict  in  regard  to  stealing  water  as  to  any 
other  property.  Only  one  suit  was  entered,  and  that  was  abandoned 
upon  thc^  man  agreeing  to  reform.  It  is  to  be  noted  that  whenever  a 
division  of  water  is  made,  a  definite  amount  is  allowed  for  wastage  by 
evaporation  and  soakage.  This  is  about  50  per  cent,  which  is  found 
to  be  so  nearly  correct,  that  the  amounts  allowed  to  300  farmers  from 
15,000  inches  of  water  are  as  accurate  as  divisions  of  ponderable  bodies 
could  be. 

During  the  height  of  the  irrigating  season,  a  period  of  two  months, 
two  superintendents  traverse  the  canal  from  end  to  end  daily,  as  if  they 
were  police,  and  one  man  is  constantly  on  duty  at  the  head  gate  to  guard 
the  dam  and  other  works;  for  when  the  snow  in  the  mountains  is  melt- 
ing rapidly,  the  river  is  bank-full. 

The  fall  of  the  large  Greeley  canal  is  3i^  feet  per  mile,  which  is  too 
much  by  18  inches.  The  current  is  so  extremely  strong,  that  it  is  forde<l 
by  teams  with  difficulty. 

Gardens  require  irrigating  once  a  week  through  the  season ;  corn  is 
watered  three  or  four  times  by  letting  the  water  run  through  alternate 
rows ;  potatoes  are  watered  twice,  and  that  quickly,  for  much  moisture 
is  fatal  to  them ;  wheat  and  other  small  grains  have  two,  sometimes 
three,  irrigations,  and  the  whole  ground  is  covered  with  water.  To 
raise  a  crop  of  wheat,  it  is  required  that  with  the  rain-fall  of  spring,  com- 
bined with  the  irrigations,  sufficient  shall  be  applied  to  cover  the  ground 
all  over  a  foot  deep.  Water  is  let  into  the  highest  part  of  a  field  by 
broad,  shallow  ditches,  which  overflow.  Some  farms  at  Greeley  lie  so 
favorably  and  the  arrangement  of  ditches  is  so  proper,  that  water  is  let 
on  at  sundown  in  a  huge  volume,  and  it  proceeds  onward  from  ditch  to 
ditch  through  the  green  standing  grain,  in  appointed  courses,  and  by 
sunrise  i;0  or  100  acres  will  be  covered  with  water,  without  any  help, 
when  the  gates  are  closed  and  other  work  is  done. 

COST  OF  IRRIGATION. 
(From  a  paper  in  A^icoltnral  Report,  1871.) 

In  Boulder  County  the  cost  is  from  5  to  10  cents  per  acre  each  season, 
besides  the  first  cost  of  a  share  in  the  works,  which  is  from  $50  to  $100 
each.  The  cost  of  repairs  in  the  main  ditch  is  paid  by  a  tax  on  the 
shareholders,  usually  amounting  to  about  $5  a  year.  The  laterals  are 
owned  by  individuals  and  built  at  their  own  expense. 

The  charges  of  the  principal  ditch  companies  for  water  through  the 
season  are  as  follows : 

Per  inch. 

Platte  Water  Canal  Company. . , $3. 00 

Table  Mountain 1. 50 

Farmers'  ditch,  Jefferson  County 1. 50 

Balston  Creek  Ditch  Company 3. 00 

RESERVOIRS. 

By  storing  the  water  which  now  runs  to  waste  in  spring  floods,  and 
utilizing  it,  a  much  larger  area  of  land  can  be  brought  under  cultivation. 
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The  streams  run  full  during  the  latter  part  of  May  and  the  most  of  Jane. 
The  rise  takes  place  more  or  less  sudden!}*,  corresponding  with  the 
rapidity  of  the  melting  of  the  snow  in  the  mountains.  After  remaiuiug 
at  flood  height  not  more  than  a  month,  the  streams  begin  to  decrease 
in  volume,  at  first  rapidly,  then  more  gradually  as  the  summer  and  fall 
advance.  The  lowest  stage  of  the  water  is  in  November  and  Decem- 
ber. 

None  of  the  streams  of  Colorado — and  the  same  may  be  said  of  all 
streams  of  the  West  except  the  Colorado  and Golumbia-*carry- sufficient 
water  to  warrant  the  construction  of  Large  works  in  the  form  of  reser- 
voirs and  irrigating  canals.  .  Several  stupendous  enterprises  of  this  sort 
have  been  projected  in  Colorado,  but  fortunately  neither  government 
nor  private  capitalists  have  been  induced  to  risk  money  in  any  such 
schemes. 

The  first  of  these  in  point  of  magnitude  is  proposed  by  Prof.  Cyrus 
Thomas,  and  incorrectly  attributed  to  this  Survey.  The  author  describes 
it  as  follows:  ^'  My  plan  is  to  throw  up  an  embankment  running  north 
and  south  from  the  Arkansas  to  the  North  Platte,  curving  east  and  west, 
so  as  to  follow  a  contour.  Then,  by  throwing  dams  acioss  the  streams, 
turn  the  water  into  this  reservoir.  •  •  •  An  embankment  or  wall, 
averaging  30  to  40  feet  in  height^  would,  as  the  average  slope  here  is 
about  0  feet  per  mile,  form  a  lake  6  to  8  miles  wide  and  200  miles  loni^. 
This  would  give  a  surface  of  some  1,200  square  miles.  •  •  •  This 
would  irrigate  from  12,000  to  14,000  square  miles."  He  proposes  to  build 
it  on  the  east  line  of  Colorado.  This  is  truly  a  magnificent  scheme,  and 
one  worthy  to  be  ranked  with  the  Chinese  wall  and  other  expensive  fol- 
lies of  which  the  world  has  been  guilty.  The  difficulty  would  be  to  get 
water  for  the  reservoir.  The  total  annual  amount  of  water  which  the 
three  rivers,  the  Arkansas  and  the  North  and  South  Plattes,  could  pos- 
sibly deliver  at  the  reservoir,  even  were  none  of  it  used  above  for  irri- 
gation, would  be  73,873,000,000  cubic  feet,  an  amount  sufficient  to  make 
a  depth  of  only  about  2  feet  in  the  reservoir.  Now,  as  evaporation  in 
that  climate  is  at  the  rate  of  5  or  6  feet  annually,  and  the  greater  part 
of  this  in  the  summer,  it  can  easily  be  seen  that  but  a  small  part  of  the 
"12,000  to  14,000  square  miles''  will  have  any  chance  of  getting  irri- 
gated; indeed,  it  would  be  difficult  to  keep  the  bottom  of  the  reservoir 
moist. 

Other  plans  are,  in  effect,  to  take  the  Arkansas  and  South  Platte 
from  their  beds  at  the  foot  of  the  cauou  of  each  stream  and  carry  them 
over  to  the  Arkansas  divide  bodily.  The  question j  cui  bojio  f  is  suf- 
ficient answer  to  these  schemes.  There  is  far  more  than  sufficient  goo<l 
land  in  the  immediate  neighborhood  of  these  streams  to  use  up  all  the 
water  which  they  deliver  annually.  There  is  no  necessity  whatever  for 
carrying  the  water,  in  any  case,  more  than  10  miles  from  the  river. 
Other  things  being  equal,  the  water  should  be  used  near  the  mountains, 
to  avoid,  as  far  as  possible,  loss  by  evaporation  and  siuUng. 

1  should  favor  the  plan  of  making  a  number  of  smaller  reservoirs  in 
the  bottom  lands.  There  are  many  plac(»s  on  the  Arkansas  and  South 
Platte  where,  by  the  approach  of  the  liver  blufl's  to  the  stream  on  both 
sides,  a  dam  could  be  built  to  connect  them,  at  slight  expense,  and  thus 
a  considerable  body  of  water  imprisoned  until  needed.  A  succession 
of  these  along  the  streams,  placed  where  the  local  topography  and  the 
needs  of  the  land  require,  would  serve  the  purpose  of  utilizing  all  the 
water  which  is  anniiaUy  sent  down  from  the  mountains. 

As  a  favorable  place  to  build  a  large  reservoir,  in  which  all  the  water 
of  the  Arkansas  might  be  stored,  I  will  mention  a  small  valley  in  the  midst 
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of  tbe  canon  of  that  river,  known  as  Pleasant  Valley.  It  is  abont  10 
miles  long  by  3  in  average  width.  Tbe  river  passes  through  it,  cutting 
its  way  out  through  a  gap  but  a  few  rods  in  width,  having  vertical 
walls  several  hundreds  of  feet  in  height.  At  this  point  it  could  easily  be 
dammed  and  the  water  drawn  off  as  needed  by  the  channel  of  tbe  river. 

A  very  favorable  point  for  forming  a  large  reservoir  on  tbe  Bio 
Grande  is  near  the  foot  of  San  Luis  Valley,  where  the  river,  from  flow- 
ing with  a  gentle  current  down  the  valley,  nearly  on  a  level  with  itd 
general  surface,  suddenly  runs  into  a  narrow  passage  between  two  per- 
I)endicular  walls  of  basalt.  A  dam  at  this  point  would  collect  all  the 
water  which  the  stream  would  annually  bring  down,  but,  owing  to  the 
very  flat  surface  of  the  valley,  the  water  would  spread  over  a  great  area 
and  the  reservoir  be  proportionally  shallow,  and  hence  a  large  part  would 
be  wasted  by  evaporation. 

It  is  unnecessary  to  dwell  further  on  this  subject  of  reservoirs,  as  the 
necessity  for  them  is  far  in  the  future. 


CHAPTER  V 


GRAZING  LANDS  OF  COLORADO. 

The  Dative  grasses  of  the  West,  the  banch  or  bafGalo  and  the  grama 
grasses,  thongli  more  natritious  than  most  of  onr  Eastern  grasses,  do  not 
seem  to  have  the  same  amount  of  vitality,  and  do  not  resist  close  crop- 
ping and  trampling  as  well.  The  result  is,  that  all  ranges  which  are 
used  nearly  up  to  their  full  capacity  are  soon  destroyed,  the  grass  re- 
fusing to  start  up  again.  This  is  especially  true  of  ranges  used  by  sheep, 
who  graze  in  close  herds,  and  eat  every  thing  eatable  and  constitutes 
the  principal  objection  to  their  introduction.  The  cattle-men  say  that 
"  sheep  kill  the  range.'' 

The  grass  over  large  areas  of  Colorado  has  thus  been  destroyed  by  over- 
crowding the  range  with  cattle  or  by  the  pasturage  of  sheep. 

It  is  said  th&t  the  grass  will  recover  its  footing  if  left  alone  for  a 
year  or  two.    I  do  not  know  whether  this  has  been  demonstrated. 

The  same  short  sighted  policy  prevails  in  this  case  as  in  that  of  the 
buffalo  and  other  wild  game ;  to  kill  the  goose  that  lays  the  golden 
eggs ;  to  make  as  much  as  possible  in  the  shortest  possible  time,  with- 
out regard  to  the  future. 

PRINCIPAL  GRAZING  AREAS. 

The  plains,  as  mentioned  above,  are  pre-eminently  pasture-lands. 
Their  principal  natural  products  are  the  most  nutritious  of  grasses — buf- 
falo and  grama.  The  character  of  the  pasturage  varies  very  much  in 
different  localities,  ranging  from  the  richest  meadows  to  a  comparative 
desert.  Again,  there  are  great  extents  of  the  plains  absolutely  without 
water,  even  in  sufiicient  quantity  for  cattle,  thus  rendering  consider- 
able areas  valueless  for  stock  purposes.  Still,  by  far  the  larger  portion 
of  this  great  area  of  40,000  square  miles  is  a  valuable  stock  range. 
Anywhere  on  this  range  cattle,  horses,  and  mules  can  winter,  without 
protection  or  feed,  with  almost  absolutely  safety. 

North  Park  contains  about  700  square  miles  of  fine  grazing  land. 
The  elevation,  about  7,G00  feet,  implies  too  cold  a  climate  for  stock  to 
winter  without  assistance. 

Middle  Park  contains  several  fine  valleys  of  pasture-land.  Those  of 
the  Grand,  Muddy,  and  Troublesome,  Frazier  and  Williams  Rivers  may 
be  mentioned  as  the  principal  ones.  The  elevation  of  these  valleys  is 
from  8,000  to  9,000  feet,  and  this,  coupled  with  the  latitude,  make  the 
Middle  Park  practically  valuable  only  as  a  summer  range. 

The  South  Park  is  used  mainly  in  the  same  manner.  In  the  southern 
and  lower  part,  where  the  elevation  reaches  only  8,000  feet,  and  in 
sheltered  nooks  and  little  valleys  in  the  mountains,  cattle  can  and  do 
winter,  but  the  returning  spring  finds  them  in  very  poor  condition,  and 
an  unusually  hard  winter  or  late  spring  often  prove^s  too  much  for  them. 
The  pasture  area  in  South  Park  is  700  square  miles,  and  the  character 
of  its  grazing  is  excellent. 
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The  San  Lais  Yallcy  is  at  a  mach  lower  level.  From  a  height  of  abont 
8,000  feet  at  its  head  it  slopes  very  gradually  to  an  elevation  of  7,500 
feet  at  the  south  boundary  of  the  State.  The  latitude  also  is  less,  and 
the  climate  much  milder  than  in  the  other  parks,  so  that  wintering  stock 
out  of  doors  is  attended  with  no  risks. 

On  the  other  hand,  the  grazing  is  poor.  In  the  northern  part  of  the 
valley,  the  part  known  as  Qoman's  Park,  the  chief  product  of  the  soil 
18  bunch-grass.  Proceeding  southward,  this  changes  to  grama  grass 
and  sage,  the  latter  product  making  the  greater  part  of  the  exchange. 
Near  the  south  boundary  of  the  State  grass  becomes  very  scarce,  and 
sage  proportionately  abundant.  The  Vhole  area  of  what  may  be  called 
pasture-land  is  2,700  square  miles.  There  are  fine  grazing  areas  of 
limited  extent  in  the  valleys  of  several  of  the  streams  which  flow  into 
Ban  Luis  Valley,  among  which  may  be  mentioned  that  of  Sawatch  Greek 
and  Antelope  Park,  on  the  Bio  Grande. 

Wet  Mountain  Valley  and  the  Huerfano  Park  contain  very  consider- 
able areas  of  grass  land,  and  make  excellent  ranges  for  stock,  summer 
and  winter. 

The  valleys  of  the  Upper  Arkansas  contain  some  second-rate  pasture- 
land.  The  upyter  valley  is  too  cold  for  stock  to  winter  out  of  doors. 
The  climate  of  the  lower  valley,  though  the  two  differ  but  little  in  alti- 
tude, is  much  milder,  and  stock  do  well  there,  summer  and  winter. 

An  excellent  summer  range,  and  one,  as  yet,  almost  untouched,  is  found 
on  the  plateaus  and  in  the  valleys  on  both  sides  of  the  Gunnison,  from 
Cimarron  Greek  up  to  the  mouth  of  the  Tomichi,  and  the  valleys  of 
the  Gunnison  River,  Tomichi  and  Ohio  Greeks,  and  East  River,  with  the 
bills  bordering  their  valleys.  In  this  area  the  grass  is  luxuriant  and 
abundant  and  water  is  plentiful.  The  surface  is  broken  and  uneveu,  and 
covered  with  scattered  groves  of  timber  affording  protection  against 
storms.  The  lower  valleys  of  this  area  are  undoubtedly  a  safe  winter 
range.    The  height  above  sea  ranges  from  7,500  to  10,000  feet. 

The  Uncompahgre  Valley  is  of  little  value  for  grazing.  Except  in  the 
river  bottoms,  grass  is  very  scarce.  In  the  southern  part  of  the  valley, 
in  and  about  what  is  known  as  Uncompahgre  Park,  there  are  a  few 
square  miles  of  excellent  pasture.  A  narrow  strip  along  the  western 
edge  of  the  valley  also  contains  some  grass.  The  lower  part  of  this 
valley,  known  as  the  Gunnison  and  Grand  River  Valleys,  shows  a  gra- 
dation from  bad  to  worse.  There  is  little  grass  in  either  part,  and  that 
little  is  so  scattered  that  the  cattle  would  grow  poor  in  searching  for  it. 

West  of  the  Uncompahgre  Valley,  and  separating  it  from  the  San 
Miguel  and  Dolores  Rivers,  is  a  high  inclined  plateau,  sloping  eastward 
toward  the  Uncompahgre.  That  portion  of  this  plateau  lying  near  its 
crest  contains  much  fine  grazing  land,  interspersed  with  groves  of  quak- 
ing aspen  timber.    From  the  elevation,  cattle  could  not  winter  there. 

The  plateaus  farther  west,  on  tbe  drainage  of  the  Saii  Miguel  and  Dolo- 
res, contain  little  land  suitable  for  grazing;  sage  and  piuou  pine  being  the 
principal  productions  and  water  being  extremely  scarce.  Exception  to 
this  must  be  made  in  favor  of  the  country  for  20  miles  north  and  west 
of  the  San  Juan  Mountains.  As  far  from  the  mountains  as  the  supply 
of  water  in  the  small  streams  extends  the  grass  is  good,  interspersed 
with  groves  of  timber.  Saucer  and  Gypsum  Valleys  contain  some  grama 
grass  with  white  sage,  and  might  do  for  a  winter  range  for  stock. 

Tbe  Dolores  Plateau,  in  the  elbow-like  bend  of  the  Rio  Dolores,  con- 
tains quite  a  large  area  of  fine  pasture-land,  interspersed  with  patches 
of  heavy  timber.    The  elevation,  8,000  to  0,000  feet,  together  with  its 
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exposed  location,  presupposes  severe  winters,  and  makes  it  doabtfal 
whether  cattle  can  winter  there. 

The  San  Juan  area  presents  very  little  good  grazing  land.  Along 
the  south  foot  of  the  La  Plata  Mountains  there  is  a  narrow  strip  of  fine 
park  like  country,  with  undulating  broken  surface,  covered  with  bunch- 
grass  and  groves  of  heavy  timber.  In  the  bills  between  the  Bios  Animas. 
Pinos,  and  Piedra,  this  strip  spreads  out  to  a  considerable  widths  and 
becomes  of  considerable  importance.  Its  elevation  ranges  from  7,000 
to  9,000  feet,  and  from  its  sheltered  position,  would  make  a  safe  winter 
range  for  stock.  A  similar  belt  of  pasture-land  exists  at  the  foot  of  the 
mountains  on  the  upper  waters  of  the  San  Juan,  Bio  Navajo,  and  Bio 
Blanco.  Aside  from  these  areas,  the  S<in  Juan  district  presents  only 
very  indiiferent  grazing  laud.  Mesa  V.erde,  on  which  there  is  much 
good  grass,  has  practically  no  water  on  its  surface.  One  small  spring 
only  is  reported  to  exist  there.  The  Great  Sage  Plain  contains  a  little 
grass  among  the  sage  and  piiion  pine,  but  water  is  so  extremely  scarce 
that  this  can  never  be  utilized.  A  small  portion  of  this  must  be  excepted 
from  the  general  condemnation,  that  lying  immediately  southwest  of  the 
group  of  mountains  known  as  El  Lat6,  between  the  Mancos  on  the 
south  and  the  San  Juan  on  the  west.  Here  the  grass  is  more  abund- 
ant than  elsewhere  on  the  Sage  Plain,  and  the  proximity  to  the  San 
Juan  supplies  that  desideratum,  water. 

Turning  now  to  the  middle  portion  of  Grand  Biver,  between  Middle 
Park  and  the  mouth  of  the  Gunnison,  wo  find  pasture-land  of  an  in- 
different quality,  grading  here  and  there  into  excellent  grass  land,  on 
the  plateaus  at  the  foot  of  the  Park  Bange,  about  the  courses  of  the 
Grand,  Eagle,  and  the  lower  course  of  Boariug  Fork.  The  great  valley 
of  the  (rraud,  at  the  mouths  of  North  Mam  and  Bifle  Greeks,  is  very 
poor  in  grass,  and  does  not  improve  farther  down,  where  it  is  narrowed 
between  the  North  Mam  Plateau  and  the  Boan  Cliffs.  The  broad  valley 
of  Plateau  Oreek  and  the  lower  northern  slopes  of  the  Grand  Mesa  are 
fair  grazing  laud. 

The  drainage  area  of  White  Biver  contains  less  heavy  timber  and 
more  grazing  land  in  proportion  to  its  size  than  any  other  such  area 
west  of  the  mountains.  The  high  plateaus  about  its  head,  which  reach 
in  many  places  to  the  timber-line,  are  mainly  covered  by  heavy  timber, 
with  some  patches  of  grass  of  considerable  extent.  West  of  this  the 
part  of  the  drainage  basin  on  the  south  side  of  the  river  consists  of  an 
inclined  i>lateau,  sloping  gently  to  the  river,  and  reaching  a  crest  above 
the  desert  valley  of  the  Grand,  before  mentioned.  This  is  the  Boan  or 
Book  Phiteau.  Its  surface  is  much  cut  up  by  canons.  Every  stream 
or  dry  wash  flowing  to  the  White  carries  itself,  as  soon  as  possible,  far 
below  the  surface.  All  over  this  surface  grass  is  abundant,  intersi)ersed 
with  sage,  piiions,  and,  near  the  crest,  a  little  quaking  aspen,  spruce, 
and  pine.  Water  is  scarce  and  not  easy  to  rCiich.  Douglass  and  Pi- 
ceance  Greeks  are  constant  streams,  but  the  others  cannot  be  relied  on. 
On  and  near  the  crest  springs  of  excellent  water  are  found  at  intervals. 

Simpson's  Park,  in  which  the  White  Biver  agency  is  located,  contains 
a  small  area  of  fine  meadow-land.  All  the  hay  for  the  use  of  the  agency 
is  now  cut  there. 

North  of  this  little  valley  the  hills  between  the  White  and  the  Yam^ia, 
known  as  the  Danforth  Uills,  are  covered  with  good  pasturage  on 
both  sloi)es.  West  of  these  hills  the  country  between  the  White  and 
Yampa  is  a  series  of  broken  plateaus,  almost  waterless,  and  desert ;  in 
some  places  tliere  is  a  little  grass  among  the  sage  but  the  country  is 
mainly  covered  with  sage  and  piuon  pine. 
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The  Tampa,  from  its  head  in  Egeria  Park  down  to  the  mouth  of 
William's  Fork,  is  bordered  on  the  west  and  sonth  by  a  broad  strip 
of  pastnre-land  of  excellent  quality.  On  the  north  side  of  this  river, 
and  east  of  the  Little  SnakOj  the  whole  country,  from  the  foot  of  tbo 
Park  and  Elkhead  Mountains,  consists  of  plateaus  with  rolling  surface 
and  little  timber.  These  plateaus  are  mainly  covered  with  sage,  among 
which  is  much  excellent  grass.  The  quality  of  the  pasturage  varies 
greatly,  being  poorest  in  the  interior  of  this  area  and  best  near  the 
margin,  at  the  foot  of  the  mountains,  and  in  the  neighborhood  of  the 
rivers.  These  plateaus  are  too  high  and  exposed  to  serve  as  a  winter 
range,  but  in  the  valleys  of  the  Yampa  and  Snake  there  is  sufiScient 
pasturage  for  the  winter  for  large  herds. 

West  of  the  Little  Snake  the  country  is  very  similar  to  that  last  de- 
scribed f  indeed,  the  above  remarks  will  apply  equally  well  to  this  area. 
The  Escalante  Hills  are  well  covered  with  heavy  timber. 
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PORT  OF  GEORGE  B.  CHIHENDEN,  C.  E..  TOPOGRAPHER  OF 

THE  WHITE  RIVER  DIVISION,  1876. 


LETIEE  OP  TRANSMITTAL. 

Washington,  D.  C,  February  15, 1878. 

IB :  Herewith  I  transinit  my  report  of  the  topographical  work  done 
the  party  under  my  direction  during  the  season  of  1876  in  the  White 
er  district 

he  country  surveyed  was  almost  entirely  unknown,  and  our  work  is 
nd  to  be  of  a  radically  different  character  from  what  had  been  gener- 
supposed.  Aside  from  its  geographical  importance,  there  was  in  it 
little  of  scientific  interest.  I  have  therefore  confined  myself  princi- 
y  to  a  description  of  the  surface  characteristics,  and  the  course  pur- 
1  by  us  in  working  the  district. 

>ur  headquart.ers  for  the  season  were  made  at  the  White  Biver  Ute 
ian  Agency.  I  wish  to  express  through  you  my  hearty  thanks  to 
agent,  Mr.  Danforth,  and  his  wife,  for  the  universal  kindness  and 
pitality  with  which  we  were  received,  and  for  the  many  favors  which 
Y  were  able  to  extend  to  us. 
rusting  that  the  results  of  the  season's  work  may  prove  satisfactory, 

I  remain  your  obedient  servant, 

GEORGE  B.  CHITTENDEN. 
»r.  F.  V.  Hayden, 

United  States  Oeologiat  in  charge. 
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TOPOGRAPHICAL  REPORT  ON  THE  WHITE  RIVER  DISTRICT. 


The  White  Biver  DiviBioQ  left  GheyeDoe  by  rail  for  Bawlins  station 
on  the  14th  of  Angost.  It  consisted,  besides  mys^,  of  Dr.  Endlich, 
geologist,  Mr.  E.  fT.  Dickerson,  barometric  observer,  two  packers,  and 
a  cook ;  I  myself  doing  the  topographical  work.  All  the  animals,  in- 
stmments,  and  pack  outfit,  together  with  oar  two  and  a  half  months' 
supply  of  provisions,  having  been  shipped  as  freight,  we  were  obliged  to 
remain  over  one  day  at  Bawlins  before  beginning  our  march  to  the 
White  Biver  Indian  agency,  the  point  selected  as  headquarters  for  the 
season. 

The  area  assigned  us  lay  to  the  south  and  west  of  the  agency  and  con- 
sisted of  a  narrow  belt  of  country,  bounded  on  the  south  by  the  ''Book 
Gliffs"  and  on  the  north  by  White  Biver,  On  the  east,  the  line  was  the 
i^esteru  limit  of  Mr.  Marvine's  work  of  1874,  while  the  western  line  was 
the  meridian  of  109^  30^  west  longitude.  These  limits  enclosed  about 
3,000  square  miles. 

The  march  from  Bawlins  Springs  to  the  White  Bhrer  agency  occupied 
Bine  days,  as  the  pack  animals  were  necessarily  heavily  loaded.  We 
veere  therefore  unable  to  begin  our  work  until  the  27th  of  August. 

GRAND  HOaBACK. 

On  that  day  we  occupied  Mr.  Ijadd's  Station  29  of  1874,  in  order  to 
connect  our  triangulation  with  that  done  by  him. 

This  station  lay  about  four  miles  southwest  of  the  agency  and  was 
made  the  day  after  our  arrival  without  moving  camp.  The  following 
day  we  moved  to  the  south  in  the  direction  of  Grand  Biver,  continuing 
our  work  along  the  western  border  of  Maxvine  and  Ladd's  district  of 
1874  and  connecting  our  topography  with  theirs.  The  route  travelled 
i^as  a  broad  and  well-worn  Indian  trail  which  led  through  a  continuous 
xalley  at  the  eastern  base  of  a  line  of  hogback  hills,  which  extend  from 
"White  Biver  to  and  across  the  Grand  in  an  uninterrupted  chain,  forming 
a  topographical  feature  so  remarkable  that  we  have  named  it  the 
^*  Grand  Hogback  Bange."  This  Hogback  Bange  is  broken  three  times 
by  mountain  streams  flowing  down  against  it  from  the  east,  and  once  it 
is  broken  by  a  narrow  pass  through  which  at  present  but  little  water 
finds  its  way. 

All  of  these  breaks  or  gaps  are  walled  by  high  and  rugged  caiion 
sides,  but  the  steepest  and  by  far  the  most  picturesque  is  the  third  from 
the  north.  A  very  considerable  stream  pours  through  this  gateway, 
and  although  its  flow  on  either  side  of  the  gap  is  comparatively  gentle, 
it  rushes  through  the  caiion  pass  with  all  the  roar  and  thunder  of  a 
mountain  torrent,  adding  in  no  small  degree  to  the  grandeur  of  the 
scenery.  This  caiion,  although  short,  is  one  of  the  most  picturesque  in 
all  this  portion  of  Colorado.  At  the  head  of  the  caiion  the  trail  forks, 
and  one  branch,  passing  through,  leads  down  over  low  terraces  or  along 
the  side  of  the  stream,  through  a  broad  sterile  valley,  to  the  Grand 
Biver.  This  valley,  from  its  thick  carpeting  of  prickly-pears  and  other 
low-growing  cactij  has  been  named  '^Cactus  Valley.''    Considerable  por- 
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tioQS  of  it  caD  be  readily  irrigated,  aDd  from  the  mild  climate  which  it 
mast  possess  in  the  winter,  it  can  easily  be  seen  that  it  will  prove  availa- 
ble for  agricultural  purposes,  and  that  it  will  produce  many  crops  that 
it  is  impossible  to  raise  in  the  valley  of  White  River.  The  left-hand 
branch  of  the  trail  continues  southward  on  the  east  side  of  the  hogbacks, 
to  fork  again  some  six  miles  farther  on,  one  branch  leading  through  the 
already-mentioned  nearly  dry  pass  to  Cactus  Valley,  while  the  main  trail 
keeps  on  down  the  valley  without  intemiptiou  to  the  Grand. 

On  the  east  side  of  the  hogbacks  and  nearly  opposite  the  dry  pass, 
lust  referred  to,  a  single  family  of  White  River  Utes  has  made  its  home, 
having  occupied  for  many  years  the  same  sheltered  nook.  The  fomily 
consists  of  some  ten  or  fifteen  members,  and  the  settlement  is  knowa  at 
the  agency  as  the  ^'Old  Squaw's  Gamp,"  from  the  energetic  old  Indian 
woman  who  seems  to  be  its  leading  spirit.  There  is  most  exoelleDt 
hunting  in  the  immediate  vicinity  of  the  camp,  and  from  the  location 
the  winter  weather  experienced  must  be  mild.  This  family  cultivates  a 
small  patch  of  ground,  and  possesses  a  herd  of  50  or  75  head  of  cattle 
and  an  equally  large  herd  of  ponies.  Although  these  people  ore  still 
housed  in  the  traditional  tepee  or  wicke-upj  they  seem  to  have  virtually 
withdrawn  of  their  own  accord  from  the  nomaidic  life  pursued  by  most 
of  the  tribe. 

On  both  sides  of  the  Grand  Hogback,  along  its  entire  extent,  there  is 
good  pasturage,  but  the  amount  of  arable  land  is  very  limited.  There 
are  but  two  points  which  seem  to  have  been  much  used  by  the  Indians  as 
camping  places.  The  highest  point  on  the  trail  leading  from  White 
River  toGrand  River  is7,733  fectabove  sea-level.  The  highest  measured 
point  in  the  Hogback  Range  is  about  20  miles  south  of  White  River  and 
attains  an  altitude  of  9,311  feet  above  sea-leveL  Seven  topographical 
stations  were  made  along  the  Hogback  Range  and  to  the  east  of  it. 

BOAN  OE  BOOK  PLATEAU. 

Marching  through  the   range   near  the  headwaters  of  Pi-ce-ance> 
Creek,  we  entered  the  plateau  region  that  stretches  from  tho  hogbacks 
westward.    Where  Pi-ceance  Creek  cuts  through  the  hogbacks  it  is 
stream  of  five  or  six  feet  width  ;  but  the  amount  of  water  rapidly  dimiu 
ishes  as  we  follow  its  course,  until,  at  a  point  some  six  miles  from  th 
range,  it  entirely  disappears. 

We  had  been  able  to  learn  absolutely  nothing  as  to  the  character  p 
the  district  which  we  now  entered.    From  the  north  and  east  it  ha€51 
shown  onl3'  as  an  undulating,  yellow  plateau,  apparently  treeless,  anc3 
cut  by  numerous  deep  washes  or  canons,  with  sloping,  grass-covered 
sides  of  the  same  yellow  hue.    From  the  south  no  idea  of  it  could  b^ 
obtained,  since  the  summit  of  the  plateau  was  entirely  invisible  firoai 
the  lowlands  of  Grand  River,  only  its  edge  showing  as  a  rugged,  inac- 
cessible, and  apparently  unbroken  line  of  bluffs,  upward  of  2,000  feet 
In  altitude,  which  had  long  been  known  as  tho  Roan  or  Book  Cliffs. 

Unable  to  find  any  encouraging  signs  of  water  on  the  summit  of  this 
unexplored  plateau,  but  knowing  that  it  was  absolutely  necessary  to 
our  work  that  the  party  should  visit  it,  we  followed  Pi-ceance  Creek 
until  its  bed  was  perfectly  dry,  and  then,  turning  up  one  of  the  dry 
gulches  to  the  left,  struck  for  the  head  in  the  hope  of  finding  running 
water  or  springs.  For  some  miles  we  followed  the  bed  of  the  stream, 
but,  toward  the  middle  of  the  afternoon,  were  forced  by  the  increasing 
ruggedness  of  the  cafion-walls  to  climb  out  and  take  our  course  along 
thesummit  of  the  plateau,  marching  toward  the  head  of  this  dry  water- 
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course  between  two  of  its  principal  branches.  The  sammit  of  the  pla- 
teau was  grass-covered  and  favorable  for  txavellingi  rising  gradually 
toward  the  southward.  It  was  almost  nightfall  when  we  reached  the 
heads  of  the  gullies,  but  here  we  found  small  groups  of  aspen  trees,  and 
by  descending  400  feet  into  the  canons  found  little  trickling  streams  of 
pure  water.  The  caiion  bottoms  were  too  narrow  for  camping  purposes 
as  well  as  inacessible  to  oar  loaded  pack-mules.  We  were  therefore 
obliged  to  make  our  camp  on  the  summit  of  the  plateau,  and  carry  up 
by  hand  all  the  water  for  camp  purposes,  a^distance  of  400  feet.  We 
were  able  to  lead  down  oar  thirsty  animals  after  they  were  unloaded, 
enabling  them  to  drink.  Excellent  grass  was  abundant  all  over  the 
summit  of  the  plateau,  and  we  were  well  satisfied  with  the  camp,  prom- 
ising, as  it  did,  the  easy  working  of  the  plateau  region,  which  formed  a 
considerable  portion  of  the  district  to  be  worked  during  the  season.  As 
we  followed  the  sammit  of  the  plateau  in  the  days  following  we  found 
abundant  water  in  nearly  all  the  heads  of  the  Pi-ce-ance  drainage  and 
also  in  the  branches  of  Parachute  Greek,  a  stream  heading  opposite;  the 
former  flows  southward  to  Grand  Eiver. 

After  five  days  spent  in  working  the  country  from  the  water  divide  of 
the  plateau,  always  travelling  on  well-beaten  Indian  trails,  we  again  de- 
scended to  Pi-ce-ance  Greek,  reaching  it  some  15  miles  below  the  point  at 
which  we  had  left  it.  We  then  followed  it  to  White  River  over  an  indif- 
ferently good  trail.  The  creek  where  we  reached  it  this  second  time  was 
quite  a  considerable  stream,  winding  with  a  very  sluggish  flow  through 
a  sage-brush-covered  bottom-land.  It  woald  perhaps  average  30  or  40 
square  feet  in  cross-section  and  was  not  readily  fordable  by  our  pack- 
train.  Most  of  the  water  in  the  creek  was  supplied  by  two  or  three 
branches  from  the  northwest.  Pi-ce-ance  Greek  throughout  its  entire- 
drainage  area  has  very  little  wood  or  timber  of  any  description.  A  few 
patches  of  aspens  and  occasional  pines  near  its  heads,  and  a  few  piiions 
and  junipers  on  the  low  bluffs  near  its  mouth,  comprise  all  the  areas  of 
timber.  Nearly  everywhere  outside  of  the  caiious  there  is  an  abundance 
of  good  grass. 

On  the  11th  of  September,  having  visited  the  agency  and  taken  up  a 
month^s  supply  of  provisions,  we  took  up  our  line  of  march  down  White 
Kiver,  to  visit  and  work  up  all  the  western  portion  of  our  distrct. 
The  agency  is  located  on  White  Eiver,  near  its  exit  from  the  moun- 
tains, at  the  head  of  a  series  of  open  parks  or  bottoms  which  con- 
tinue at  intervals  for  more  than  20  miles  below  the  agency  along  the 
course  of  the  river.  These  bottom-lauds  are  in  places  nearly  a  mile  in 
width.  Ml  easily  irrigable,  and  afibrding  many  thousand  acres  of  most 
excellent  arable  land.  Mr.  Danforth  had  cultivated  about  40  acres  of 
land  for  the  use  of  the  agency  and  was  raising  potatoes,  beets,  carrots, 
and  turnips,  besides  quite  a  large  field  of  oats.  White  Kiver  has  ample 
irrigating  capacity  for  all  the  available  land  along  its  entire  length. 

Having  followed  down  White  River  for  about  40  or  45  miles,  we  left 
it  and  turning  southward  marched  toward  the  summit  of  the  plateau, 
up  an  even,  gentle  slope.  We  reached  the  summit  level  the  same  after- 
noon, after  travelling  about  20  miles  from  the  river,  and  were  surprised 
to  find  ourselves  on  the  edge  of  a  precipitous  cliff  which  continued 
impassable  for  a  distance  of  20  miles  north  and  south.  This  cliff  or 
bluff,  with  its  slopes,  was  at  least  2,000  feet  in  altitude  and  overlooked 
a  broad  area  of  low  country  drained  by  a  creek  which  later  was  named 
by  us  Douglas  Greek,  after  the  head  chief  of  the  White  Kiver  Utes.  The 
bluffs  were  named  Gathedral  Bluffs.  Following  the  bluffs  around  to  the 
south  and  west  we  again  reached  the  divide  between  White  and  Grand 
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Bivers  and  followed  it  to  the  westward,  always  finding  well-worn  trails, 
from  which  we  worked  the  topography  on  either  side  as  far  as  we  were 
able  to  reach. 

From  the  head  of  the  western  branch  of  Donglas  Creek  the  plateaa 
character  was  almost  entirely  lost,  often  affording  only  a  narrow  back- 
bone for  the  trail  to  follow,  while,  in  consequence  of  this,  water  became 
scarcer,  obliging  ns  on  three  occasions  to  descend  into  the  cafions,  a  ver- 
tical distance  of  upward  of  2,000  feet,  with  the  whole  train,  to  find 
camping  places.  The  general  topography  of  the  country  all  throngfa 
this  part  of  the  dist^ct,  and  indeed  as  far  as  the  western  limit,  is  that  of 
the  narrow  ridge  already  spoken  of  as  extending  east  and  west  between 
the  lateral  drainage  of  White  and  Grand  Bivers,  respectively }  these 
lateral  branches  heading  against  the  ridge  opposite  each  oUier,  and 
flowing  in  deep  cailons  north  and  south. 

Our  second  approach  to  White  Biver  was  down  the  first  of  these 
lateral  streams,  westward  of  Donglas  Creek,  which  was  named  Evacna- 
tion  Creek.  The  stream  has  more  or  less  water  in  all  its  numeroas 
heads,  but  all  the  upper  portion  of  the  main  stream  is  dry  for  a  distance 
of  at  least  12  or  15  miles,  when  the  bed  begins  to  show  signs  of  moist- 
ure, and  at  last  contains  a  small  running  stream  of  two  or  three  inches 
depth,  which  continues  uninterruptedly  to  its  mouth,  a  distance  of  nearly 
25  miles.  The  water  is  for  the  most  part  bitterly  alkaline,  utterly  unfit 
for  human  use,  and  refused  in  any  quantity  by  the  animals.  The  water 
is  much  more  unpalatable  than  that  of  the  celebrated  Bitter  Creek  of 
the  Union  Pacific  Bailroad.  About  the  heads  of  this  creek  the  blnffs 
are  covered  with  a  rich  growth  of  grass,  and  the  cafions  contain  both 
pines  and  aspens,  but  near  the  point  where  it  first  becomes  dry  the 
pines  give  way  to  junipers  and  piilons,  and  both  caiions  and  blnffis  are 
covered  with  their  scraggy  growth.  The  canon  walls  are  only  a  few 
hundred  feet  high,  and  the  creek  bottom  is  broad  and  generally  covered 
with  a  growth  of  suge-brusb.  As  the  mouth  of  the  creek  is  approached 
the  pinous  and  cedars  in  turn  give  way  to  a  growth  of  low  brown  grass, 
the  cauonwalls  being  smooth  and  unbroken  and  attaining  a  height  of 
only  200  or  300  feet.  A  tolerably  good  trail  follows  the  entire  length  of 
the  stream. 

Between  the  mouths  of  Douglas  and  Evacuation  Creeks,  White  Biver 
is  in  a  close  canon  which  falls  away  a  little  near  the  mouth  of  the  latter 
creek,  and  renders  the  approach  to  the  river  easy,  while  small,  open 
grassy  parks  dotted  with  huge  cottonwoods  afibrd  most  delightful 
camping-places  that  are  very  refreshing  after  the  desert-like  country 
that  lies  to  the  southward.  From  the  mouth  of  the  Evacuation  Creek, 
White  River  remains  in  caiion  as  far  as  the  limits  of  our  work  carried 
us,  i.  €,j  very  nearly  to  its  mouth.  We  followed  the  river  through  this 
caiion  four  short  day-marches,  and  found  the  greatest  difftculty  in 
getting  through,  being  sometimes  compelled  to  cross  the  river  four  or 
five  times  within  a  single  mile.  The  walls  of  the  White  Biver  Caiion 
are  seldom  more  than  800  feet  in  height,  and  are  often  broken  away, 
especially  on  the  south  side,  into  the  most  grotesque  and  picturesque 
forms,  giving  many  gigantic  representations  of  animals  and  human 
heads  and  ligures,  all  ludicrously  full  of  action,  as  well  as  many  forms 
resembling  towers  and  other  grand  architectural  forms. 

We  worked  as  far  south  from  White  Biver  as  was  desirable,  and 
always  found  only  a  broken  desert  country  without  any  sign  of  water. 
There  is  no  considerable  drainage  entering  White  Biver  from  either 
side  below  Evacuation  Creek  for  a  distance  ot  30  miles,  when  we  reach 
a  fourth  main  lateral  branch,  which  was  named  Two- Water  Creek.    It 
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enters  the  White  through  a  low-walled  oafion  of  only  aboat  300  feet 
depthy  and  at  its  month  has  no  water.  This  creek  being  very  near  our 
western  line,  we  left  the  White  Biver  at  its  junction,  and  marching 
op  the  stream,  a  third  time  sought  the  crest  of  the  plateau.  There  is  no 
good  trail  up  this  stream,  and  for  18  or  20  miles  not  the  least  sign  of 
water.  The  sagebrush  in  the  valley  was  often  well-nigh  impassable 
even  by  saddle-animals,  owing  to  the  heavy  growth,  as  it  reached  to  the 
shoulders  of  a  mounted  man.  After  marching  until  late  in  the  afternoon 
we  came  to  the  principal  forks  of  the  stream,  about  25  miles  from  its 
mouth,  and  there  found  water,  the  peculiarity  of  which  led  us  to  name 
the  creek  ''Two- Water.''  Down  the  left-hand  branch  came  a  little  rill  of 
water  which  at  the  junction  spread  out  into  shallow  lakes  or  pools  of  only 
one  or  two  inches  depth.  This  water  was  bitterly  alkaline,  while  the 
right-band  branch,  although  containing  no  running  water,  had  along  its 
b^  numerous  pools  of  as  pure  water  as  could  be  desired  by  any  one. 
The  pools  of  sweet  and  bitter  water  approached  within  five  or  ten  feet 
of  each  other,  retaining  all  their  marked  differences  of  character. 

From  this  point  it  seemed  imi)08sible  to  follow  the  valley  of  either 
branch  on  account  of  the  mire  and  sage-brush ;  so,  having  camped  at 
the  junction,  we  next  morning  climbed  out  of  thecaiion  and  reached  the 
summit  of  the  plateau  between  the  forks  of  the  creek.  Finding  no  trail, 
we  nevertheless  had  very  good  travelling,  but  were  obliged  to  camp  after 
dark  near  the  summit  of  the  plateau,  with  only  a  little  pool  of  water  for 
our  entire  supply,  and  this  utterly  inadequate  for  the  thirsty  animals. 
It  was  not  until  noon  of  the  following  day  that,  after  most  diligent 
search,  we  succeeded  in  finding,  on  the  Grand  River  side  of  the  divide, 
a  small  spring,  by  which  we  made  a  comfortable  camp  for  the  refresh- 
ment of  ourselves  and  our  animals.  The  western  end  of  the  plateau  is 
far  drier  than  the  eastern*  portion,  and  although  we  saw  some  deer 
around  us,  we  were  unable  to  find  any  water  except  in  the  little  spring 
by  which  we  were  camped.  The  whole  country  is  exceedingly  dry,  and 
cailons  a  thousand  feet  in  depth,  in  whose  dark  recesses  one  would  nat- 
urally expect  cool  running  streams,  were  universally  as  dry  as  dust. 

Biding  westward  from  this  camp,  along  the  summit  of  the  plateau,  I 
discovered  and  located  a  group  of  bitumen  springs,  visited  later  by  Dr. 
^eale,  and  carried  our  topographical  work  to  the  western  limit  of  the  dis- 
trict. Near  the  bitumen  springs,  later  in  the  season,  Mr.  Gannett  found 
a  spring  of  clear  water,  which  seemed  to  have  been  much  used  ^y  the 
Indians  as  a  camping  place.  From  this  camp  we  turned  eastward  along 
the  divide,  which  is  here  merely  a  narrow  backbone,  which  on  the  south 
breaks  off  sharply  into  steep  bluffs,  and  on  the  north  sends  out  long 
tongue  like  extensions  between  the  almost  numberless  caiions  in  which 
Two- Water  and  Evacuation  creeks  head. 

After  making  numerous  stations  on  the  divide  as  we  marched  east- 
ward, we  finally  tarned  for  the  last  time  toward  White  Biver,  following 
down  the  main  western  branch  of  Douglas  Creek,  a  stream  not  followed 
before.  In  marching  northward  we  found  good  water  for  20  miles,  until 
a  point  near  the  vicinity  of  the  main  forks  was  reached,  where  running 
water  ceased  and  thence  to  the  mouth  was  found  only  in  pools.  A  little 
earlier  in  the  season  there  is  probably  running  water  the  entire  length 
of  the  stream.  There  is  a  good  Indian  trail  the  whole  distance,  but 
grass  is  small  in  quantity,  the  valley  being  covered  with  grease-wood 
and  sage-brush  of  very  sturdy  growth. 

There  are  many  lateral  branches  of  Douglas  Creek,  all  coming  in 
through  rugged  litte  canons  of  300  to  500  feet  in  height,  and  all  utterly 
destitute  of  water.    The  valley  of  the  main  creek  is  often  half  a  mile  or 


356     BEPOBT  UNITED  STATES  GEOLOaiClL  SURVEY. 

more  in  width,  nsnally  limited  by  steep  bla£b,  being  in  no  place  of  a 
marked  cafion  form.  The  walls  become  less  well  defined  near  the  month, 
and  when  the  creek  at  last  approaches  the  White,  it  is  throagh  low 
terraces,  upon  a  broad,  open  bottom-land,  the  largest  in  the  entire 
course  of  the  White,  with  perhaps  the  exception  of  Agency  Park.  An 
attempt  was  made  some  years  ago  to  start  a  colony  in  this  valley,  but 
for  some  reason  the  attempt  was  a  failure.  The  gronnd  is  now  within 
the  limits  of  the  reservation  for  the  Ute  Indians. 

Passing  down  the  river  through  this  valley,  we  entered  the  cafion  of 
the  White,  already  referred  to,  and  connected  the  work  with  that  done 
before  from  the  month  of  Evacuation  Greek.  Then  turning  up  the  river 
we  completed  the  remaining  small  unworked  portions  along  its  borders, 
and  reached  the  agency  October  II,  having  in  forty-eight  working  di^s 
completed  the  topography  of  3,800  square  miles  of  country,  making  in  the 
course  of  the  work  41  main  topographical  stations,  besides  16  aoxiliuy 
ones,  and  travelling  1,000  miles  within  the  district. 

■ 

BETUBN  FROM /THE  FIELD. 

On  the  12th  of  October  our  party  left  the  White  River  agency  to 
return  to  the  East,  and  choosing  the  route  through  the  Middle  Park 
instead  of  that  via  Bawlin's  Springs,  avoided  the  expense  and  trouble 
of  railway  shipment  This  route  formed  a  most  pleasant  line  of  march, 
abounding  as  it  did  in  wood,  water,  and  grass,  three  elements  of  com* 
fortable  camping  much  lacking  in  the  other  route.  The  extra  time 
between  the  agency  and  Cheyenne  consumed  only  two  days. 

Dr.  Endlich  and  Mr.  Dickerson  left  the  party  at  Boulder  City,  while 
I  remained  with  it  one  more  day  and  dismissed  the  men  and  animals  at 
the  upper  crossing  of  the  Big  Thompson  Biver,  that  they  might  proceed 
directly  to  Cheyenne,  while  I  completed  a  few  hundred  square  miles  on 
the  plains  bordering  the  monntaius.  I  was  engaged  ten  days  in  work- 
ing the  topognaphy  of  this  additional  area,  living  at  the  towns  and 
settlements  as  I  came  to  them.  The  topography  was  very  simple,  and 
I  was  enabled  to  cover  800  square  miles  in  the  ten  days,  riding  about 
350  miles,  and  closing  the  season's  work  at  Denver  about  the  last  of 
October. 
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LUt  of  elevations  in  the  White  Biver  dietrict. 


Locmlity. 


9,  west  end  of  White  River  Plat«aa 

3,  west  end  of  the  White  River  Piatean 

4,  Ormnd  Hogbeck  Range 

5,  Grand  Hogback  Range 

6,  Elk  Creek  north  of  Hogback  Range 

7,  Roan  or  Book  Plateaa 

8,  Roan  or  Book  Plateaa 

9,  Roan  or  Book  Platean 

11,  Roan  or  Book  Plateaa 

13,  bluff  on  east  side  of  Pi-ce-anoe  Creek 

14,  botte  in  angle  of  White  River  and  Pi-ce-anoe  Creek. 

16,  blaffon  eoathsideof  White  River 

17,  north  of  Cathedral  Bloffs 

18,  north  end  of  Cathedral  Bla£b 

94,  Twin  Battes 

96,  White  Face  Batte 

99,  soath  of  White  River,  west  of  Asphalt  Creek 

31,  east  side  of  Two- Water  Creek 

39,  between  forks  of  Two-Water  Creek 

34,  sammitof  Roan  or  Book  Plateaa , 

36,  Rabbit  Hills 
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REPORT  OF  GUSTAVUS  R.  BECHLER,  TOPOGRAPHER  OF  THE 

YAMPA  DIVISION,  1876. 


LETTEE  OP  TRANSMITTAL. 

Washington,  February  18, 1878. 

Sib:  I  have  the  honor  herewith  to  sabmit  to  yoa  the  topographical 
report  relating  to  the  district  assigned  the  Yampa  Eiver  Division  under 
my  charge  during  the  field  season  of  1876. 

After  leaving  the  rendezvous  camp  on  Owl  Creek,  12  miles  south 
of  Cheyenne,  August  16, 1876,  we  proceeded  by  the  Union  Pacific  Rail- 
way to  Rawlins  Springs  Station,  the  starting-point  for  our  journey  to 
the  field  of  work.- 

Accidents  to  the  car  carrying  our  supplies,  and  the  escape  of  our 
mules  from  a  corral,  caused  a  delay  of  two  days,  after  which  we  pro- 
ceeded without  any  further  mishap  to  the  district  assigned  to  us  in 
Northwestern  Colorado. 

Hoping  the  following  report  may  prove  satisfactory,  I  have  the  honor 
to  remain  your  obedient  servant, 

GUSTAVUS  R.  BECHLER. 

Dr.  F.  V.  Hayden, 

United  States  Geologist j  in  charge. 
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CHAPTER   I. 

MAECH  FKOM  KAWLINS  SPRINGS  TO  THE  WHITE  RIVER 

AGENCY. 

According  to  iDstractions  tbe  Yampa  DivisioD,  consisting  of  the  neces- 
sary  assistants,  as  packers  and  a  cook,  and  accompanied  by  Dr.  G.  A. 
White,  geologist,  proceeded  on  tbe  19tb  of  August,  1870,  from  Rawlins 
Springs,  Wyo.,  a  station  on  the  Union  Pacific  Railroad,  to  that  por- 
tion of  Northwestern  Colorado  which  was  assigned  to  the  division  for 
geographical  exploration.  This  district  is  situated  in  tbe  extreme 
north  western  corner  of  Colorado.  It  embraces  an  area  of  3,000  square 
miles,  and  extends  from  parallel  38^  58'  fifty  miles  north  to  parallel 
40O  30^,  and  from  the  White  River  agency,  situated  in  longitude  107o 
48',  westward  to  longitude  109^  30',  or  25  miles  across  the  western 
boundary  of  Colorado. 

More  popularly  expresse<l,  the  country  may  be  described  as  lying 
between  tbe  White  and  Yampa  Rivers,  and  between  the  White  River 
Ute  agency  and  Green  River,  where  it  is  flowing  in  the  Wonsits  Valley. 

The  nearest  and  most  practicable  route  for  reaching  the  most  eastern 
points  of  the  district  in  order  to  enable  us  to  make  geodetic  connections 
with  the  work  of  previous  years,  was  in  a  southwestern  direction  and 
over  the  plateau  couqtry  which  lies  between  the  Union  Pacific  Railroad 
and  the  Snake  River,  a  distance  of  80  miles  by  the  trail  which  was 
selected.  We  succeeded  in  making  the  distance  to  Snake  River  in  four 
days-marches,  which,  considering  the  usual  breaking-in  of  the  pack-ani- 
mals, which  for  some  time  have  been  unaccustomed  to  the  performance 
of  disciplined  work,  may  be  considered  as  successful  marching.  For  16 
miles  southwest  of  Rawliu's  Springs  we  had  the  advantage  of  a  tolera- 
ble good  road,  although  it  led  through  an  arid  country  of  forbidding 
aspect.  Its  dryness  and  destitution  of  any  kind  of  vegetation  save  sage 
and  occasional  bunches  of  grease- wood  rendered  it  exceedingly  desolate. 

Leaving  this  region  we  ascended  the  high  plateau,  which  towards  the 
north  and  east  presents  bluffy  faces,  rising  from  800  to  1,000  feet  above 
the  general  level  df  the  surrounding  country.  This  high  plateau  extends 
to  within  a  few  miles  of  Snake  River,  but  it  is  continuous  to  the  west- 
ward of  that  river.  It  is  one  of  the  most  fertile  grass  plateaus  of  all  the 
West  that*  have  come  under  my  observation.  It  is  well  watered  and 
abounds  in  game,  principally  antelope. 

The  Snake  River*  presents  a  fine  valley  at  the  point  of  our  crossing. 
It  is  a  splendid  clear- water  stream  of  75  feet  in  width,  and  from  15  to  18 
inches  in  depth.  Its  velocity  is  considerable,  and  for  a  distance  of  10 
miles  there  are  some  excellent  bottom-lands,  together  with  magnificent 

*TbiB  river  ou^bt  to  bo  called  tbo  Snake  River  of  the  East,  to  distiDguish  it  from  tbo 
great  Sontb  Fork  of  tbo  Columbia,  which  is  also  named  Snake  River,  a  name  derived 
from  the  Shoshone  or  Snake  Indians  who  inhabit  tbe  coantry  near  its  source. 
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Cottonwood  groves.    We  found  along  this  stream  settlements  of  appar- 
ently well  located  and  successfal  farmers. 

Southeast  from  our  point  of  crossing  the  Snake  Eiver,  rise  the  Elk- 
head  Mountains,  a  formidable  range  with  numerous  sharp  peaks  and  a 
deeply  eroded  drainage  system.  We  followed  an  Indian  trail  for  10  miles 
through  a  desolate  rolling  country,  and  then  reached  the  government 
wagon-road  leading  to  the  White  Elver  agency.  This  road  meanders 
around  the  western  flank  of  the  Elkhead  Mountains.  While  the  forest- 
clad  mountains  to  our  left  rose  with  majestic  grandeur,  affording  a  highly 
pleasing  aspect,  the  country  to  our  right,  on  the  contrary,  consisted  of 
a  high-rolling,  monotonous  sage-prairie,  with  no  distinct  chanicteristics 
as  to  orographic  features.  The  road  keeps  close  to  Fortification  Creek 
after  crossing  a  low  divide  which  connects  the  undulating  sage-plateaa 
with  the  Elkhead  Mountains.  This  creek  rises  in  the  mountains  to  the 
eastward,  and  contains  for  many  miles  tolerably  good  water,  but  in 
approaching  the  terraced  country  bordering  the  Yampa  Biver  on  the 
^  north,  the  water  assumes  a  very  brackish  character  owing  to  its  coming 
in  contact  with  many  alkaline  deposits. 

For  many  miles  north  of  the  YampaBiver,  the  country  slopes  very  grad- 
ually towards  the  river;  its  features  are  those  of  a  monotonous  wave- 
like plateau  country,  with  a  covering  of  sage  as  its  chief  vegetation.  The 
only  prominent  topographical  object  in  this  region  is  an  elevated  and  flat- 
topped  butte,  named  Fortification  Butte,  which  stands  like  a  rocky  island 
in  the  sage  covered  waving  prairie.  It  stands  some  12  miles  north- 
west of  the  point  where  the  government  road  crosses  the  Yampa  Biver. 
The  Yampa  Biver  is  a  fine  clear  stream  of  perhaps  100  feet  in  width,  and 
from  18  to  20  inches  of  depth  in  the  centre  of  its  bed.  At  the  point  of 
our  crossing  it  did  not  possess  the  charming  features  that  characterized 
the  Snake  Biver  Valley,  although  there  are  some  good  patches  of  bot- 
tom in  the  numerous  bends  which  the  river  makes  in  its  meanderings 
through  the  valley. 

Leaving  the  Yampa  Biver,  the  road  follows  through  a  somewhat  more 
mountainous  region  toward  the  White  Biver  Ute  agency.  As  this  coun- 
try belongs  to  the  district  allotted  to  us  for  observation,  and  in  fact  forms 
the  eastern  portion  of  it,  the  notes  in  describing  the  area  will  have  to 
be  somewhat  fuller.  While  the  air-line  distance  from  the  Yampa  to 
the  valley  of  the  White  Biver  is  but  38  miles,  the  road  with  its  fre- 
quent deviations  from  a  straight  course  makes  the  distance  52  miles. 
Within  that  distance  the  country  exhibits  difi'erent  characters  in  its  phy- 
siognomy. The  area  is  diversified  or  broken,  first  by  three  transverse 
ridges,  having  an  east  and  west  trend,  and  running  parallel  to  the  Yampa 
Biver,  and  secondly  by  the  caiion-valley  of  Williams  Fork,  as  well  as  by  a 
basin  like  depression  between  them.  The  first  two  of  these  ridges  are 
close  together  and  separated  only  by  the  Williams  Fork  of  the  Yampa 
which  at  the  point  where  the  road  crosses  it,  as  well  as  for  many  miles  oa 
either  side  is  in  a  deep  caiion-like  valley.  The  axis  of  the  northern  ridge, 
or  the  one  lying  between  the  Yampa  and  Williams  Fork,  terminates  near 
the  junction  of  the  latter  streams.  The  second  ridge,  the  one  lying 
between  Williams  Fork  and  Axial  Basin,  extends  its  axis  12  miles 
further  to  the  west  than  does  the  former  one.  This  latter  iK>rtion  of  the 
ridge,  which  is  from  12  to  13  miles  long,  is  penetrated  by  two  streams 
breaking  rectangularly  through  the  ridge,  on  their  way  to  join  Williams 
Fork  and  Yampa  Biver.  The  eastern  one  of  these  streams  is  called 
Waddel  Creek,  and  joins  Williams  Fork  5  miles  to  the  southeast  of 
the  juiHition  of  the  latter  with  the  Yampa  Biver.  The  second  creek 
breaking  through  the  ridge  7  miles  below,  or  west  of  Waddel  Creek, 
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•d  Milk  Creek,  and  rnns  directly  iDto  the  Yainpa  River.  Each  of 
^Bceeks  has  carved  a  caQon  in  the  ridge,  of  which  the  eastern  one, 
el  Greek,  is  the  broadest.  From  Waddel  Greek  westward  the 
has  lost  all  form  of  a  well-defined  crest,  and  an  absolute  plateau 
nedominates.  This  plateaa  is  therefore  separated  by  Milk  Greek 
/addel  Greek  Ganona  into  two  distinct  portions.  The  eastern  one 
3en  named  Junction  Plateau,  from  the  fact  of  its  close  proximity  to 
action  of  Williams  Fork  and  Yampa  Biver.  It  contains  about  24 
e  miles  of  area,  and  the  drainage  arising  therefrom  heads  close 
)  southern  rim  of  the  plateau  and  drains  into  the  Yampa.  The 
am  plateau  is  tongue-like  in  shape,  aad  its  western  extremity  ter- 
bes  in  a  sharp  point,  while  from  its  being  completely  covered  with 
the  name  of  Sage  Plateau  was  given  to  it  to  facilitate  the  descrip- 
if  the  country  and  to  assist  in  an  easier  comprehension  of  the  map 
ng  to  it.  The  latter  contains  some  12  square  miles  of  area.  The 
ridge,  lying  between  Yampa  Biver  and  Williams  Fork,  is  600  feet 
sr  than  the  second  one,  including  the  Junction  and  Sage  Plateaus. 
e  northern  slope  angle  of  the  first  ridge  which  occupies  the  area 
Ben  Yampa  Hiver  and  Williams  Fork  is  moderate  and  gentle  nearly 
I  the  brink  of  the  ridge.  This,  however,  refers  only  to  the  general 
it«  for  erosion  has  caused  many  steep  gulches  and  ravines  in  that 
ubtedly  once  very  uniform  slope.  From  the  summit  of  this  ridge 
Bt  the  same  level  continues  for  four  miles  in  a  southward  direction ; 
t  in  close  proximity  to  Williams  Fork  the  ridge  shows  steep  sides 
falls  off  abruptly  into  Williams  Fork  Valley,  thereby  causing  its 
a  like  shape. 

e  evidence  is  clear  that  before  the  powerful  action  of  erosion  had 
ed  upon  its  surface,  the  plateau  character  of  this  ridge  was  uni- 
.  The  remaining  spurs  show  clearly  the  original  level  close  to  the 
I  which  front  W^illiams  Fork.  The  drainsige,  however,  descending 
the  plateau  for  ages  has  gashed  the  southern  side  into  deep  caiions, 
Dtering  Williams  River  Valley  at  right  angles  to  the  river.  In  one 
»f  these  deeply  eroded  cailon -gulches  the  road  descends  to  Williams 
• 

one  respect  Junction  Plateau  as  well  as  Sage  Plateau  is  analogous 
e  ridge  or  plateau  just  described.  A  gentle  slope  on  the  north  side 
icterizes  them  all;  their  highest  points  resting  on  the  southern 
or  nearly  so,  after  which  the  plateaus  show  almost  vertical  faces 
very  little  (Ubris  slope  at  their  bases. 

6  road  after  leaving  this  caiion-valley  meanders  for  six  miles 
1  between  gently  ascending  hill  spurs  in  dales  and  gulches  all  be- 
ng  to  that  portion  of  the  second  ridge  where  the  caiion  form  is  not 
ixpressed,  and  the  backbone  of  the  ridge  resembles  more  or  less 
of  a  regular  crest  of  ordinary  hills. 

ter  six  miles  of  moderate  ascent  we  come  within  a  few  miles  of  the 
I  of  this  second  ridge,  which  fronts  the  axial  basin*  on  its  northern 
and  also  partly  on  its  eastern  side ;  while  in  the  higher  remain- 
portion  of  these  hills  the  road  has  steep  grades  to  overcome,  and  in 
ing  the  numerous  abrupt  places  its  course  is  far  from  straight, 
iving  descended  from  the  second  ridge,  we  cross  Waddel  Creek,  or 
ASt  one  of  its  main  branches,  which  runs  close  to  the  flank  of  the 
J.  We  traverse  afterward  for  several  miles  a  district  of  mixed  topo- 
hical  features,  for  it  is  not  altogether  devoid  of  the  characteristics 
basin,  nor  is  the  resemblance  to  it  of  a  very  definite  character.  It 
however,  the  tendency  to  be  one  in  future  ages. 

*  Called  thus  by  Dr.  C.  A.  White  to  facilitate  geological  descriptioo. 
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Id  passing  on  to  the  southwest  through  this  gently  undnlating  portion 
of  the  country  without  any  boldly  expressed  drainage  system,  we  pass 
on  our  right  a  complicated  cluster  of  bnttes  sloping  like  all  the  rest  of 
the  upheavals  in  this  region  toward  the  north  and  northwest,  showing 
also  abrupt  faces  on  the  south  side.  Seven  miles  beyond  we  arrive  at 
the  Yellow  Jacket  Pass,  which  constitutes  the  lowest  saddle  in  the  third 
and  last  ridge  of  hills  north  of  the  White  Biver  Valley.  From  this  pass 
we  march  for  six  miles  through  pretty  rugged  caiions  and  descend  finally 
into  the  White  Biver  Valley,  which  we  enter  at  Simpson's  Park  only 
some  five  or  six,  miles  from  the  White  Biver  agency  house.  Arriving 
at  the  latter  place  on  August  28,  after  marching  ten  consecative 
days,  preparations  were  made  to  commence  field-work  at  once,  and  after 
a  few  days  of  work  geodetic  connection  with  the  survey  of  1875  was 
satisfactorily  effected.  We  followed,  then,  the  usual  order  of  working 
through  tbe  district  assigned  to  us. 
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CHAPTER    II. 


GENERAL  DESCRIPTION  OP  THE  DISTRICT. 

)UNTBY  NORTHWEST  OF  AND  ADJACENT  TO  THE  WHITE  BIVEB 

AGENCY. 

rea  of  nearly  400  square  miles  directly  northwest  of  White  River 

represents  the  more  hillyportion  of  the  district  under  descrip* 
The  northeastern  and  highest  portion  of  these  bills  are  called 
th  Hills,  and  show  by  their  structure  no  development  of  the 
1  character,  but,  on  the  contrary,  show  a  crest  with  many  peaks, 
and  saddles,  the  ordinary  form  of  mountains  of  the  third  order.* 
urrand  Hogback  (see  Plate  XXII),  an  upheaval  of  most  peculiar 
id  geological  interest,  crosses  the  White  River  eight  miles  below 
mcy,  and  approaches  and  connects,  by  means  of  a  saddle,  with 
nforth  Hills  in  their  most  southern  portion, 
istent  with  the  general  type  of  the  whole  country  in  this  region, 
thern  slopes  are  also  of  comparatively  moderate  descent,  while 
)uthern  and  eastern  faces  are  in  some  places  extremely  steep  and 
r  places  only  moderately  so.  Their  extreme  height  is  not  much 
^OOfeet.  While  the  Dauforth  Hills  represent  only  half  of  this  hilly 
,  the  Hogback  Valley,  as  well  as  Unga-too-wiss  Valley,  serves  as 
ion  line  between  the  Danforth  Hills  and  the  Western  Group, 
particularly  in  Citadel  Plateau,  the  mesa  like  form  is  strongly 
>ed.  In  the  Gray  Hills,  which  form  the  southwestern  portion  of 
)up  under  consideration,  mixed  orographic  features  exist.  The 
1  wing  of  the  Gray  Hills,  running  in  a  southwestern  course 

White  River,  shows  in  a  great  portion  the  plateau  form,  while 
lers  indicate  a  waving  crest,  showing  strongly  expressed  spurs 
nerally  deeply  eroded  character  in  their  totality  as  hills.    That 

of  the  hills  referred  to  is  covered  in  places  with  an  abundant 

of  piuons. 

le  whole  group,  Danforth  Hills  as  well  as  the  western  portion,  the 
^e  system  is  expressed  in  a  small  number  of  dry-washes,  tribu- 

White  River,  and  an  equal  number  of  ^ainage-beds  tributary 

Yampa  River  are  found  along  the  northern  slopes.  While 
nay  flow  in  all  of  them  abundantly  during  the  snowy  part  of  the 

for  the  greater  part  of  the  year  their  beds  are  dry.  In  the 
portions  of  the  Danforth  Hills  springs  are  more  numerous  and 
)  of  brushwood  not  so  scarce  as  elsewhere  in  the  district  between 
and  Yampa  Rivers,  but  as  a  general  rule  the  supply  of  water  is 
bundant  near  the  sources  of  the  springs  than  in  any  other  part 
r  courses,  and  very  often  water  will  disappear  altogether  after 
:  its  source. 

1  the  fact  that  the  country  in  this  region  is  totally  destitute  of 
ndian  names,  we  have  attached  many  names  to  the  creeks  and 

•  See  Report  U.  S.  Geol.  Survey  for  1875,  p.  372. 
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*  

L":-i':  "..-•/- "3^. -.^  Valie.T.  Thich  of-rna  in  a  ba*:^  «il!e»l  Poveir>  Park, 
i-^r^r  '•'.;..>  1:.*.^:.  >  '.'L'-y  Ij  ii.:!*:?*  le*:  •:•:  :Lc  Uic  aze::cy.  It  he^ib 
:r'j:r>  1j  "•;»  I»;  's,..k^.  r-orti*  o:  PotcH'!?  P^riw  near  :he  ii:v:«ie  ^Lich  eon- 
L*:^;:-  :L^  D.ir.:.::a  Ii:i;??  i:"L  Grav  Hill*.  y«>r:h  Oi  ihat  divider  lies  a 
iisi-.::.  oi:.»:«;  Ii.;;:'ciack  V,ill»:y  ^hii.;*  :ori£s  tLe  Lead  o:  Drvp  Channel 
Cr*:eii:.  ~  Licii.  ::*  ::■»  ;;eLer:al  Tr.r2?:ward  coarse,  riotrs  rhrocjrh  Coyote 
Ba.«s:ri  ij^UiiK  i:  fcitter^  the  WL::e  Livtri.  jij  zziilcs  Lorthves:  of  Povers 
Park. 

'Lhf-.Ti:  ;-  a  .^pria;;  to  bfr  fooi^d  at  the  head  of  Ung?.-:o">-wi5s,  and 
aLoiLer  ou^  ih  Ilo^back  Valley.  Detrp  Channel  Creek  ketrps  and  even 
arx-ac£.iiktr.e.')  a  iittli^  water  :n  its  coazae  to  i:s  jancnon  wicb  the  White 
hiver.  «LiIe  L'L^a-too-wii^s  Crerk  for  I'J  miltrsi  from  its  scarce  shovs 
no  ni^ri  of  '^at^rr.  The  btll.s  iliat  surround  :he^  rallevs  are  a  true 
ty|>;  ot  iLk  'vliole  country  adjacent  to  tb^  region.  Their  appeoraneeis 
deviate  a:.d  lozbiddiri^r.  ''bile  the  valley^s  are  stil!  less  invitin;;.  The 
lacilitie-;  f'>r  ujanrLing  tbiougb  this  country  are  few  on  accoant  of 
ob»tiu':t:o:..'<>  of  diver^^lfied  kiiids:  the  chief  ones  are  the  dry- washes,  or 
l^uiiie^  of  a  •mall  canon  onler.  ibe  interminable  sage,  and  the  piickly* 
I>ear?i:  tb^r  ]citt»rr  cover  the  ground  for  miles* 

l/n^a-trxj  \u.s<»  and  Coyote  B.^siu,  are  literally  cut  up  by  gallies  Grom 
0  to  .';o  tMjt,  and  even  a.s  much  as  G<J  feet  deep;  frequently  they  are 
hl(lU:u  Uy  :<^i;,'e  ao  m^  to  be  completely  invisible  until  we  reach  them. 
OfrcaAioijaliy  we  arzive  at  a  sfKit  where  a  dense  growth  df  large  sage,  not 

ea.-*y  to  peiit-tnite,  covers  the  ground. 

■ 

YAMPA  A>D  V.niTE   EI^VER  DIVIDE. 

The  ni.'iin  divide-  between  White  and  Yampa  Eivers  is  along  the  crest 
of  tb<f  Darjl'oitb  Hills.  It  approaches  nearest  to  the  White  River  Valley 
at  Yellow  Jacket  Pa.<».s,  wbcie  it  i.^  but  nine  miles  distant  Horn  it.  Its 
winding  course,  tbence  alon^  the  summit  ot  the  Daniorth  Hills,  is  north- 
west until  it  leacbe.s  a  point  a  few  miles  north  of  Citadel  Plateau,  when 
it  is  a;,'aiii  but  nine  miles  distant  iium  the  Yampa  River. 

At  the  head  of  Coyote  I>a.>in  a  series  of  sharp  cones,  the  highest  of 
whiclj  is  not  over  7,>>00  Icet  above  the  ocean,  aie  the  last  seen  on  tbe 
Hummit. 

In  an  almost  straight  western  course,  and  with  only  a  slight  deviation 
to  tbe  south  and  in  >cill  closer  [proximity  to  Yampa  River,  the  crest  runs 
for  \o  miles,  from  Wampita  Peak  to  tbe  head  of  Vale  Disappointment, 
which  lies  on  tbe  Yampa  side,  while  Midland  Basin  is  on  tbe  0]>posite, 
or  White  River  side.  At  this  point  there  occurs  a  sharp  turn  to  the 
northward  which  holds  for  several  miles,  and  thereby  brings  this  divide 
within  six  miles  of  the  Yampa  River.  It  afterward  continues  in  a  suc- 
cession of  hi^li  blnfTs  in  very  close  proximity  to  the  canon.  These  bluffs 
constitute  tljc  northern  rim  of  tlie  Great  Yampa  Plateau,  in  whose  broad 
expanse  a  definite  crest  is  llnally  lost. 

The  only  side  ridge,  showing  all  the  elements  and  general  conditions 
of  an  in(lei)endent  bill-cluster  and  which  detaches  itself  from  the  main 
divide  and  runs  toward  the  White  River,  is  Pinon  Ridge,  a  rugged  and 
Hingularly  eroded  upheaval,  presenting  the  usual  gentle  bill-slope  on 
the  east  side,  while  on  the  opposite  or  west  side  the  most  strangely 
eroded  iiunks  characterize  them.    Pinon  Ridge  forms  also  a  dividing 
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line  between  two  rather  large  basin-like  depressions — Coyote  Basin 
on  tbe  east  and  Midland  Basin  on  tbe  west.  Throngh  both  of  them  we 
And  long,  waving  parallel  lines  of  hogbacks  with  a  general  north  and 
BOQth  trendy  which  appear  above  the  surface  in  a  labyrinth  of  crests, 
resembling  a  ploagbed  surface  where  the  farrows  have  been  upturned 
by  some  g;igantic  plough.  The  drainage  channels  descending  from  the 
main  divide  as  well  as  from  Piuon  Kidge  into  these  basins  are  numerous, 
but,  consistent  with  the  general  nature  of  the  country,  they  are  all  dry. 

THE  WHITE  BIVEB  VALLEY. 

If  we  apply  the  name  of  valley  to  the  whole  of  the  White  River  dur- 
ing its  flow  through  this  district,  it  is  simply  used  as  a  conventional 
term,  for  all  rivers  flowing  in  plateau  countries  possess  only  in  part  the 
features  of  a  real  valley. 

The  scene  changes  in  a  plateau  country  according  to  the  arrangement 
of  ridges  into  bluffs  or  benches,  from  valley  to  canon  or  canon-valley, 
and  vice  versa.  The  general  course  of  tbe  river  after  leaving  White 
liiver  Ute  agency  is  westward  like  that  of  the  Yampa  Biver,  notwith- 
standing the  fact  that  great  bends  oftfen  cause  it  to  deviate  for  many 
miles  to  the  northwest  or  to  the  southwest  as  the  case  may  be.  Such  a 
bend  or  a  large  sweep  to  the  northwest  occurs  16  miles  west  of  the 
agency,  from  which  point  the  course  of  the  stream  is  for  20  miles  due 
northwisst,  after  which  it  shows  for  14  miles  a  gentle  tendency  south 
from  west,  when,  after  a  sudden  short  bend  directly  south,  breaking 
throngh  a  plateau  ridge,  the  stream  assumes  a  southwestern  direction 
until  a  point  some  20  miles  west  of  the  Colorado  boundary  is  reached, 
when  the  course  is  again  changed  to  the  northwest. 

The  physiognomy  of  the  country  is  different  on  each  side  of  the  White 
Kiver :  on  the  south  side,  high  and  massive  plateaus,  with  their  summits 
30  miles  from  the  river,  characterize  the  country,  while  the  country 
along  the  right  bank  and  as  far  north  as  the  Yampa  River  is,  with 
a  few  exceptional  portions,  dismembered  and  chopped  by  detailed  drain- 
age, as  would  be  expected  in  a  plateau  country  of  soft  material  sub- 
jected for  ages  and  ages  to  erosive  influences. 

With  the  exception  of  the  Danforth  Hills,  a  group  of  some  solidity  and 
compactness,  there  is  but  one  really  extensive  as  well  as  massive  struc- 
ture between  White  and  Yampa  Bivers ;  this  is  the  great  Yampa  Plat- 
eau, to  which  we  will  allude  in  more  detail  hereafter. 

The  drainage  itself  that  enters  the  White  Biver  on  either  side  indicates 
a  totally  different  arrangement  and  character  of  the  country  it  comes 
from.  On  the  south  side,  for  instance,  we  find  four  large  streams  with 
an  abundant  supply  of  water  entering  the  White  Biver  between  the 
agency  and  west  line  of  Colorado,  while  on  the  north  side,  within  the 
same  distance,  wo  have  no  stream  whatever  supplying  the  White 
Biver  with  additional  water,  if  we  except  the  insi"nificant  brook  which, 
coming  through  Coyote  Basin,  contributes  to  the  White  Biver  an  amount 
of  water  equal  to  that  of  a  small  meadow-brook. 

If  we  proceed  from  the  agency  down  the  White  Biver  as  far  as  the 
boundary  line  separating  Colorado  from  Utah,  a  distance  of  85  miles, 
we  pass  on  our  journey  through  four  basin  like  spots,  where  the  drain- 
ago  accumulated  in  the  plateaus  north  during  the  winter  season  comes 
forth  to  swell  the  White  Biver.  These  basins  are  deceptive  in  regard  to 
water  for  the  greater  portion  of  the  year,  and  delusive  as  to  their  real 
character  until  we  approach  and  are  really  in  them,  when  we  find  they 
have  no  r^al  bottom  area.    Their  surface  is  uneven,  dry,  and  barren, 
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broken  by  canon-like  flssares  which  the  main  as  well  as  intersecting 
streams  have  carved. 

The  most  valuable  bottom  or  basin  area  existing  on  the  White  Biver 
is  that  of  Simpson's  Park^  near  the  agency,  and  this  area  without  irri- 
gation applied  would  be  reduced  by  obstacles  of  diversified  character, 
perhaps,  to  but  two  or  three  square  miles  of  land  fit  for  agricaltural 
purposes. 

The  basin  next  largest  in  size  to  Simpson's  Park  is  about  10  miles 
down  the  river,  and  to  it  the  name  of  Powell's  Park  has  been  given.  As 
it  is  far  less  extensive  than  the  Agency  Park,  and,  except  a  small  strip 
along  the  river,  lacks  many  conditions  necessary  to  render  it  useful| 
little  value  is  attached  to  it. 

In  travelling  beyond  Powell's  Park  and  down  the  stream,  we  pass  two 
more  basin  areas  of  lesser  extent.  In  this  region,  as  well  as  in  many 
places  farther  down,  the  stream  frequently  impinges  on  the  bloffs  on 
both  sides,  making  travelling  toilsome,  as  frequent  crossings  become 
necessary.  Very  often  the  banks  are  abrupt  and  had  to  be  cut  iu  order 
to  efiect  a  crossing  or  to  enable  us  to  reach  water  for  our  animals  and 
ourselves. 

The  general  appearance  of  trfe  country  along  the  White  River  is  of 
the  most  desolate  character;  there  are  but  few,  if  any,  redeeming  feat- 
ures in  it.  There  are  few  places  along  White  liiver  that  are  not  lined 
with  bluffs,  terraces,  or  high  banks,  most  of  the  time  approaching  the 
river  margin  very  closely,  and  only  where  the  plateau  shows  a  basin  do 
the  embankments  or  bluffs  recede  to  the  rear. 

The  nearer  the  White  Biver  approaches  the  Colorado  and  Utah  line, 
the  higher  the  plateau  rises  above  the  river.    When  IG  miles  east  of 
the  point  where  the  river  leaves  Colorado  it  reaches  about  the  meridian 
of  the  most  eastern  portion  of  the  Great  Yampa  Plateau,  which  about  15 
miles  to  the  north  rises  above  the  lower  mesa  like  huge  walls  of  gigan- 
tic fortifications.    Aloug  the  whole  front  of  the  Great  Yampa  Plateaa* 
the  lower  mesa,  coming  close  to  the  river,  is  higher  than  elsewhere.    In 
Raven  Park  as  well  as  in  its  surroundings  (referring  to  the  lateral 
canons  that  enter  Ravens  Park  above)  we  have  a  clear  demonstration 
of  the  powerful  and  at  the  same  time  curious  effect  of  water  operating 
on  a  flat  area,  in  the  wearing  down  and  gashing,  as  in  this  ca^e,  of  a 
district  of,   perhaps,  40  square  miles.    There  are  left  the  strangely 
moulded  remnants  of  a  former  level  surface. 

A  few  miles  below  Ravens  Park  White  River  enters  a  caiion  caused 
by  an  additional  covering  of  stratified  rocks.  The  general  height  of  the 
caiion  at  a  point  about  7  miles  we.  t  of  the  Colorado  and  Utah  boundary 
was  found  to  be  from  1,200  to  1,500  feet,  but  there  is  no  doubt  that  as 
the  river  descends  in  its  course  toward  Green  River,  the  caiion  walls 
may  attain  a  height  greater  than  2,000  feet. 

It  will  be  necessary  here  to  describe  only  briefly  the  country  across 
and  north  from  the  White  River  extending  toward  the  Yampa  River 
as  well  as  to  the  western  extremities  of  the  Yampa  Plateau.  In  refer- 
ring to  this  portion  of  the  area  I  have  to  mention  that,  like  the  eastern 
half  of  the  Yampa  Plateau,  it  belongs  politically  nearly  in  its  totalityi 
•to  Utah  Territory.  It  bears  all  the  characteristics  of  bad  lands,  a  term 
used  very  often  in  the  descriptions  of  Western  countries,  where  aridity, 
sterility,  and  sparseness  of  vegetation  prevail.  The  highest  \)ortion 
of  this  plateau  country  is  a  strongly  expressed  line  of  hogbacks,  ran- 
niug  diagonally  from  the  point  near  the.  White  River,  west  of  liavens 
Park,  to  the  high  and  conspicuous  bluffs  that  form  the  extreme  sonth- 
western  walls  of  the  Great  Yampa  Plateau.    The  distance  across  is  24 
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niles  and  the  average  height  of  the  line  of  hogbacks  is  from  7,000  to 
ry200  feet  elevation. 

Beginning  at  the  crest  of  the  hogbacks  the  descent  is  westward  to- 
irard  the  Green  Biver,  where  the  latter  is  flowing  in  Wonsits  Valley. 

The  general  surface  is  slightly  undulating,  with  here  and  there  pul- 
>it-like  exposures  rising  alK>ve  the  surrounding  level.  While  cactus 
represents  for  miles  the  only  vegetation,  sage  is  mingled  with  it  in  the 
lighest  and  flatest  portion  of  the  plateau. 

We  become  tired  and  weary  with  the  monotonous  sight  of  naked  hills, 
^rraces,  prickly-pears,  and  sage.  If  the  variety  of  color  in  the  strata 
dong  the  hillsides  or  exposed  in  banks  and  terraces  gives  often  a  pleas- 
int  warm  tint  and  produces  an  admirable  picturesque  effect,  it  can  never 
iltogether  compensate  us  for  the  total  absence  of  forest  vegetation  and 
pass,  without  which  there  is  but  little  charm  in  a  landscape. 

THE  GHEAT  YAMPA  PLATEAU. 

The  most  interesting  upheaval  or  orographic  structure  in  the  western 

f>rtion  of  the  district  between  White  and  Yampa  Rivers  is  tbe  Great 
ampa  Plateau,  a  high  table-luud  which,  comprising  between  300  and 
350  square  miles  of  area,  exhibits  very  abrupt  faces  around  nearly  its 
Whole  circumference.  The  surface  of  the  plateau  is  undulating  and 
better  adapted  for  grazing  purposes  than  any  other  part  of  tbe  entire 
district. 

On  the  eastern  half  of  the  Plateau  along  Fox  Greek  springs  and  even 
Rinning  water  may  be  found.  Along  the  northern  lines  of  bluffs  which 
front  Yampa  Biver,  the  plateau  is  higher  than  elsewhere.  The  height 
is  about  3,600  feet  above  the  Yampa  and  Green  Biver  Junction,  while 
the  total  elevation  above  sea-level  is  9,000  feet.  In  this  area  there  is 
only  one  point,  viz,  Tank  Peak ;  it  attains  a  height  of  9,200  feet  and  is 
lituated  in  longitude  108^  45'  and  about  four  miles  south  of  Yampa  Biver. 

The  southwestern  part  of  tbe  plateau  contains  the  most  level  surface 
ind  is  about  200  feet  lower  than  the  northern  portion.  Its  average  alti- 
tude is  8,800  feet.  The  surface  on  this  side  of  the  plateau  is  covered 
with  occasional  patches  of  brushwood.  Along  the  debris — slopes  and 
ipurs  and  beneath  the  most  abrupt  sides  which  the  plateau  presents, 
Iwarf  pines  and  piuons  are  found  in  abundance. 

There  is  some  drainage  starting  along  the  bluffs,  but  the  principal 
Irainage  arising  on  the  plateau  seeks  an  outlet  chiefly  to  the  north  and 
Mst.  The  creeks  having  a  tendency. to  flow  northward  break  through 
:he  strata  and  rapidly  descend  through  narrow  defiles  to  their  mouths 
n  the  Yampa  Biver. 

The  eastward-flowing  streams  which  unite  in  the  channel  of  Fox 
Dreek,  have  produced  a  deep  concavity  in  the  centre  of  the  eastern  half 
)f  the  plateau.  (See  profiles  of  the  Great  Yampa  Plateau.)  In  this 
>asin  we  find  not  only  splendid  grass,  but  also  good  water  sufficient  for 
ill  ordinary  purposes.  The  soil,  however,  absorbs  the  running  water 
3efore  it  reaches  the  lower  end  of  the  basin.  The  plateau  can  bo  as- 
^nded  only  from  two  sides  unless  we  are  light-footed  and  good  climbers. 
Che  depression  which  Fox  Greek  has  cut  in  the  plateau  affords  the 
easiest  means  for  ascending  it.  With  some  greater  difficulty  the  plateau 
i^an  be  ascended  on  the  west  side  along  the  slope  which  descends  toward 
Oub  Creek. 

The  plateau  region  abounds  in  game,  though  we  had  not  the  good  for- 
tune to  be  benefited  thereby.  The  western  rim  of  the  plateau  faces 
Green  Biver  and  Split  Mountain,  where  Green  Biver  Caiion  terminates 
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and  the  stream  is  freed  from  its  rocky  inclosure.  The  distant  view  ob- 
tained from  here  is  magnificent.  ^Ve  are  not  only  interested  in  the  great 
gorge  from  which  the  Green  Biver  emerges  into  the  broad  expanse  of  a 
valley,  but  we  can  also  trace  the  stream  in  its  winding  course  far  to  the 
south,  and  have  a  fine  view  in  the  northwest,  the  Uintah  Moantadns, 
with  their  lofty  snow- covered  peaks,  presenting  a  spectacle  rarely 
equalled. 

In  describing  the  features  of  an  almost  totally  unknown  country,  it  is 
necessary  to  give  greater  detail  than  the  country  would  sometimes  seem 
to  deserve,  inasmuch  as  its  value,  practical  or  otherwise,  must  l)e  deter- 
mined. We  would,  therefore,  be  in  error  were  we  to  omit  allusion  to  a 
peculiar  and  interesting  feature  connected  with  the  great  Yampa  Pla- 
teau. This  feature  is  a  well-defined,  regular  line  of  hogback  bills  which, 
about  three  miles  north  of  the  northern  plateau  rim,  stretch  like  a  wall 
around  the  great  plateau  (see  Plate  XXIII,)  cut  only  here  and  there 
by  the  drainage  which  has  its  source  between  the  hogback  hills  and 
the  plateau  itself. 

From  the  connection  that  can  be  traced  between  the  highest  portion 
of  Midland  ridge  and  the  hogback  hills,  it  seems  evident  that  from  the 
hogbacks  which  present  now  steep  faces  towards  the  equally  eroded 
faces  of  the  great  plateau  there  once  existed  between  them  a  continnoas 
surface  which  has  been  eaten  away  by  erosion,  leaving  it  with  its  present 
shape.  Submitting  all  theories  on  the  subject  to  the  geologist  for  dis- 
cussion, I  will  simply  mention  its  present  topographical  appearance. 

The  wall-like  barrier  with  which  the  hogback  hills,  in  a  curved  line, 
circumscribe  the  plateau  from  Weary-mules-wash  to  within  a  few  miles 
of  the  western  end  of  the  plateau  is  singularly  striking  in  appearance. 
The  hogbacks  are  really  inclosures  of  a  series  of  more  or  less  well-ex- 
pressed mountain  basins,  which  lie  along  the  debris  slopes  and  spurs  of 
the  great  Yampa  Plateau.  The  hogbacks  are  also  frequently  brokeu  bj 
washes  throui^li  which  the  drainage  during  winter  and  spring  time  finds 
its  way  out  of  the  basins. 

The  largest  of  the  amphitheatres  produced  by  the  eccentricities  of 
erosion  lies  directly  north  of  Midland  ridge  (see  Plate  XXIIl,)  which 
is  only  the  eastern  although  somewhat  lower  portion  of  the  Yampa 
Plateau  itself.  This  basin  is  thoroughly  amphitheatrical  in  shape  and 
is  perhaps  10  miles  long,  from  east  to  west,  and  8  miles  in  width.  A 
gentle  but  very  even  rocky  slope,  with  deeply  cut  drainage  fissures  in 
it,  descends  from  the  dibris  of  the  plateau  walls  to  the  foot  of  the  hog- 
back hills.  The  exposed  faces  of  the  plateau  as  well  as  those  of  the 
hogbacks  consist  of  red  sandstone,  and  in  consequence  of  this  the  brick- 
colored  faces  of  these  exposures  contrast  strangely  with  the  gray  aud 
dull  color  of  the  surrounding  scenery. 

YAMPA  KIVEB. 

This  stream  excels  its  sister  stream  the  White  River,  not  only  in  its 
scenery,  but  also  as  to  its  pasturage  and  quality  of  such  agricultural 
area  as  nnder  the  most  favorable  circumstances  this  sterile  platesiQ 
country  aflbrds.  Latitude  40^  30'  forms  the  line  along  which,  with  re- 
peated crossing  and  recrossing,  the  Yampa  Kiver  flows  for  80  miles 
to  the  westward.  The  stream  indeed  shows  a  direct  westward  ten- 
dency from  the  very  point  where  it  first  assumes  the  imi)ortance  of  a 
river,  which  is  in  longitude  107^;  thence  flowing  westward  to  its  junc- 
tion with  the  Green  Kiver,  which  is  1 J  miles  west  of  meridian  lO'Jo.  Its 
total  length  from  latitude  107^  to  the  Green  Kiver,  is  about  100  miles  in 
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ai^ht  line.  Kepeated  changes  in  its  features  are  characteristic  of 
stream.  Basins,  canons,  and  canon-valley s,  with  occasional  spots  of 
developed  valley,  constitute  its  main  features.  The  valley  form  is, 
nstance,  decidedly  expressed  for  24  miles  along  that  portion  of  the 
*  which  terminates  with  the  junction  of  Williams  Fork,  fh>m  which 
t  the  stream  flows  for  10  miles,  more  or  less,  in  a  caiion.  which  con- 
}  not  only  some  picturesque  scenery,  but  in  the  river-benas  occasional' 
1  park  areas.  By  repeated  crossing  we  are  enabled  to  make  our 
with  pack  and  saddle  animals  through  this  half  cafLon  of  the 
pa.  The  river  emerges  from  this  semi-caQon  at 'the  western  terminus 
\ge  Plateau,  which  is  elsewhere  described  in  these  notes.  The  river 
rs  here  a  splendid  bottom  of  five  or  six  miles  in  extent,  leaving 
h,  it  forces  a  passage  through  a  small  canon  situated  near  Yampa 
c,  in  longitude  108^.  (See  Plate  XXIV.)  After  passing  this  caiion 
stream  meanders  for  16  miles  in  a  basin-shaped  area,  having  the 
e  of  West-axial  Basin  on  the  accompanying  map.  While  in  this 
1,  the  river  flows  on  the  north  side  near  a  girdle  of  not  very  high 
abruptly-rising  bluff's. 

est -axial  Basin  constitutes  principally  a  gently  descending  area  of 
ices,  covering  from  50  to  CO  square  miles,  which  lie  on  the  north  side 
itadel  Plateau  and  Wampita  Peak. 

splendid  patch  of  river  bottom  with  rich  grass  distinguishes  from 
remainder  of  the  basin  the  lower  or  western  end  of  the  valley  imme- 
>ly  below  Junction  Mountain.  There,  where  the  most  western  mar- 
of  this  grassy  bottom  meets  Junction  Mountain,  there  opens  a 
lendous  gorge  with  almost  vertical  walls  of  about  1,000  feet  in  height, 
hich  the  river  disappears  (see  Plate  XXV,)  but  only  to  emerge  again 
es  beyond  m  a  pretty  little  valley  named  Lily's  Park.  Here  the  Snake 
^r  joins  the  Yampa,  and  rich  grass  and  cotton  wood  groves  character- 
:his,  which  is,  perhaps,  the  finest  valley  in  the  course  of  Yampa 
T  (see  Plate  XXVI).  This  park  is  surrounded  on  all  sides  by  eroded 
ices  and  plateau  spurs  which  rise  step  by  step  to  the  divide  on  either 
.  Promontory  Plateau  rises  on  the  south  side  just  opposite  the 
tion  of  Snake  and  Yampa  River,  to  a  height  of  over  1,000  feet  above 
r-level,  while  Junction  Mountain  attains  an  altitude  of  1,800  feet 
re  Lily's  Park,  or  7,800  feet  above  sea-level. 

le  best  portion  of  this  small  area  of  Lily's  Park  lies  on  the  south  side 
le  river,  and  at  a  point  where  Vale  Disappointment — a  small,  dry 
3y — approaches  Lily's  Park  the  Yampa  Biver  again  enters  a  huge  As- 
in  the  mountains.  In  this  it  remains  with  great  persistency  during 
*ly  its  entire  course  down  to  i  s  junction  with  the  Green  Biver. 
rom  Lily's  Park  to  Green  Biver  Junction,  a  distance  of  26  miles  in 
iue,  the  Yampa  flows  within  narrow,  precipitous  walls,  and  only  when 
lin  a  distance  from  6  or  8  miles  from  Green  Biver  does  it  come 
of  the  caiion,  touching  the  margin  of  a  basin  (Red  Bock  Basin)  which 
along  the  northern  slope  of  the  Great  Yampa  Plateau.  It,  however, 
leuly  disappears  again,  as  if  showing  a  decided  preference  for  a  dark, 
:>  inclosure  rather  than  for  freedom.  There  is  no  doubt  that  this 
e  of  drainage  of  the  Yampa  River  between  Lily's  Park  and  Green 
3r  Junction  is  one  of  the  most  remarkable  on  record.  All  along  this 
ion  of  the  river,  and  only  from  1  to  2  miles  south  of  it,  lies  a  basin- 
depression,  to  all  appearances  just  molded  for  a  valley,  and,  as  far  as 
be  discovered  by  ordinary  observation,  seeming  to  be  nothing  else 
but  the  actual  synclinal  axis  between  the  strata  dipping  from  the 
3pa  Plateau  and  those  dipping  from  the  opposite  Escalante  Hills.  In 
sequence  of  thivS  it  would  seem  to  be  the  proper  course  for  the  river. 


372  REPORT   UNITED   STATES   OEOLOGICAL   SURVEY. 

hat  instead  of  choosing  the  latter  and  apparently  easier  oonrae,  it  | 
trdtes  the  rocky  strata  of  Escalant^  Hills  with  persistency,  leavinj 
touched  the  basin  which  lies  bnt  a  very  short  distance  ftx)m  ttie  river 
can  hardly  be  otherwise  bat  that  the  present  river  channel  is  uiteoc 
to  the  surroanding  aplifts  or  stractare,  and  that  the  basin  allnded  tn 
been  caased  by  erosion  of  comparatively  more  recent  date.  The  I 
qnestion,  however,  pertains  more  to  the  duty  of  the  geologist,  who  ii 
case  has  no  donbt  arrived  at  a  similar  conclasion. 

Near  the  janction  of  the  Yampa  and  the  Green  Biver  lies  a  small] 
area,  named  Echo  Park  in  previoas  explorations  of  this  river  by  1 
Powell  and  leaving  this  park  the  stream,  now  called  Green  Biver, 
enters  a  precipitons  canon  and  remains  in  it  for  8  miles,  passing  after 
throngh  Island  Park  in  large  carves,  after  which  it  is  again  bi 
between  the  hnge  cafion  cliffs  of  Split  Moantain,  within  whiok 
stream  remains  for  5  miles  before  it  emerges,  at  last,  into  the  Wo 
Vallev.  The  height  of  the  caHon  walls  along  Yampa  Biver  vary; 
1,000  to  1,500  feet,  and  those  of  the  Green  Biver  from  2,000  to  2,500 
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CHAPTER     III. 


CLIMATIC  AND  ECONOMIC  NOTES. 

The  climate  is  extremely  dry,  and  this  fact  is  in  itself  sufBcient  to 
explain  the  absence  of  a  laxnriant  vegetation.  There  is  no  doubt  that 
with  irrigation  some  localities,  as,  for  instance,  small  strips  along  the 
river  bottoms,  could  be  improved  and  made  useful  for  agricultural  pur- 
poses, but  the  vegetation-bearing  area  would  be  small,  indeed,  in  propor- 
lion  to  the  vast  mass  of  country  that  lies  between  the  White  and  Yampa 
rivers.  As  by  any  statement  in  regard  to  percentage  of  agricultural 
land  grave  errors  would  be  unavoidable,  unless  this  subject  was  made 
the  point  of  a  special  and  thorough  investigation,  we  will  abstain  from 
giving  positive  figures  relating  to  the  proportion  of  good  and  bad  land. 
We  will  venture  to  say,  however,  that  the  encouragement  held  out  to  a 
limited  number  of  settlers  is  greater  on  the  Yampa  than  on  the  White 
Biver,  as  there  are  a  number  of  small  parks  in  which  there  are  consid- 
erable areas  of  more  than  usually  good  bottomland.  Excepting  Simp- 
eon's  or  Agency  Park,  which  contains  a  co^nparatively  large  area  of  good 
land,  only  in  few  cases  and  but  for  short  distances  does  the  alluvial 
bottom  of  the  White  Biver  attain  a  width  of  even  a  mile.  The  places 
in  which  the  bottom  along  the  White  Biver  opens  to  the  width  of  about 
a  mile  are  not  numerous,  as  they  occur  only  in  three  places  in  a  dis- 
tance of  80  miles  westward  from  the  White  Biver  agency.  For  the 
Sweater  part  the  river  flows  either  in  canon  or  in  narrow  defiles,  crowded 
]by  broken  terraces  and  benches,  with  an  occasional  narrow  patch  that 
knight  be  cultivated  by  means  of  irrigation. 

From  the  junction  of  Elkhead  Creek  with  the  Yampa  Biver  down  to 
tlie  junction  of  Williams  Fork  the  conditions  for  pasturing  are  tolera- 
l>ly  good,  and  besides  the  actual  bottom  area,  several  thousands  of 
Acres — now  terrace  land — might  be  made  useful  through  irrigation.  The 
^ampa  fiows  from  Williams  Fork  junction,  as  before  stated,  in  a  semi- 
cafiou,  exhibiting  only  here  and  there  a  few  acres  of  ground  that  might 
l>e  made  useful.  This  is  followed  by  a  comparatively  small  but  rich 
l>ottom  between  Sage  Plateau  and  Yampa  Peak.  In  extent  this  bottom 
Or  valley  is  G  miles  long,  and  in  its  upper  portion  nearly  a  mile  in  width. 
In  the  low  er  portion  of  the  valley,  nearer  Yampar  Peak,  it«  width  lessens 
^c  }  and  even  to  ^  of  a  mile.  Abruptly  rising  bluffs  with  deep  cut 
Bralches  form  its  northern  margin,  while  the  generally  gradual  rising  but 
^try  undulating  benches  of  axial  basin  present  also  occasional  but  in- 
^rior  bluffs  on  the  south  side  of  this  little  valley. 

Between  Yampa  Peak  and  Junction  Mountain  the  terraces  of  West- 
^iial  Basin  approach  the  river  very  closely,  and,  as  a  consequence,  the 
t^ottom  area  is  small.  If  water  could  be  conveyed  by  means  of  ditches 
Ground  Yampa  Peak  in  the  rear  of  West  axial  Basin,  a  comparatively 
^^rge  area  could  be  subjected  to  cultivation,  but  hundreds  of  terraces 
^nd  benches,  broken  by  large  and  small  ravines,  as  well  as  by  deep 
fountain  gulches,  that  descend  from  Yampa  Peak,  would  make  the 
^^k  a  difiicult  one. 
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The  fourth  patch  is  fonnd  near  the  juDctiou  of  Yampa  and  Snake 
Kivers,  and  is  called  Lily's  Park.  This  park-valley  is  not  very  exten- 
sive; it  is  not  quite  5  miles  in  length,  and  is  irom  ^  to  1  mile  in  width. 
It  is  surrounded  by  the  abruptly-rising  spurs  and  benches  of  Pro- 
montary  Plateau  and  Junction  Mountain,  as  well  as  by  those  that  ran 
out  from  the  high  hills  to  the  north  of  the  park.  This  park  represents 
the  last  spot  of  agricultural  land  on  the  Yampa  Biver,  and  together 
with  a  portion  of  the  Snake  Iliver  Valley  might  give  accommodations 
to  a  few  settlers. 

For  the  remainder  of  its  course,  down  to  where  the  Green  River  finally 
absorbs  its  name,  the  Yampa  flows,  as  already  described,  in  an  almo^ 
vertical  caiion,  wherein  naturally  even  the  smallest  area  of  useful  land 
does  not  exist. 

The  defile  in  which  Williams  ForV  of  the  Yampa  meanders  can 
scarcely  be  called  a  valley— it  would  be  a  misnomer,  and,  indeed,  few 
are  the  acres  that  could  be  found  in  it  to  be  regarded  as  farming  land. 

All  over  the  Western  Plateau  region  the  same  unfavorable  conditions 
prevail  even  to  a  greater  degree  than  here,  for  we  have  in  the  district 
already  noted  at  least  two  prominent  streams  on  which  we  would  find 
the  necessary  water  to  accomplish  the  irrigation  which  would  be  possi- 
ble along  their  banks. 

Although  this  plateau  region  may  be  classed  among  the  driest,  it  is 
not  absolutely  destitute  of  rain ;  only  the  regular  periodical  rains  com- 
mon in  all  moderate  climates  are  wanting.  The  occasional  rains  that 
fall  are  short  in  duration,  but  violent  in  action.  Moderation  in  climati- 
cal  phenomena,  we  might  say,  does  not  exist  throughout  the  far  West, 
and  that  it  has  been  the  c<ise  for  ages  is  proved  by  the  absence  of  a  sod, 
or  a  mantle  of  deep-rooted  grass-vegetation.  The  rainfall  that  occurred 
several  times  during  our  sojourn  in  this  region  was  violent  in  the  ex- 
treme but  short  in  duration.  The  total  absence  of  a  well-connected  sod 
permitted  the  water  to  run  off  suddenly,  as  if  poured  on  a  crust  of  terra 
cotta.  p]very  tnice  of  moisture  disappeared  almost  in  as  short  a  time 
as  the  rain  lasted.  The  nature  of  the  ground  is  unfavorable  for  the 
griulual  absorption  of  the  moisture,  nor  did  we  observe  moderation  in 
the  accompanying  elements  during  or  after  tlie  rain-fall.  The  rain  was 
generally  accompanied  by  a  very  low  temperature,  so  much  so,  that 
hail  and  snow  were  generally  .issociated  with  the  rain.  After  the  ces- 
sation of  rain  followed  either  a  piercing  cold  wind  or  an  extreme  heat, 
which  caused  the  recently-moist  clay-ground  to  crack  or  break  into 
wrinkles.  The  water  flows  oif  rapidly,  gathers  in  its  natural  drainage- 
channels,  through  which  it  ploughs  and  digs  deeper  and  deeper  into 
the  soft  material,  each  creek,  large  or  small,  prodncing.thereby  a  perpen- 
dicular deep  lissure  or  small  canon,  which  have  been  seen  in  places  as 
much  as  60  feet  deep,  with  only  a  width  of  perhaps  20  feet  from  rim 
to  rim. 

Under  the  existing  conditions  we  may  arrive  at  the  conclusion  that 
this  plateau  region  cannot  be  made  available  for  agricultural  purposes, 
and  there  is  hardly  a  doubt  that  even  the  most  desperate  attempts  of  an 
over-populated  but  industrious  community  would  fiiil  in  the  attempt  to 
change  this  country  for  the  better. 

Through  ages  this  plateau  region  seems  to  have  possessed  this  dry 
character  during  the  greater  number  of  months  in  the  year;  the  topo- 
graphy as  well  as  the  vegetation  bears  testimony  to  this  fact. 

There  exists  no  gentle  undulating  ground  anywhere  except  on  the 
very  tops  of  the  plateaus.  The  whole  surface  of  the  crust  indicates  the 
violence  of  erosion  during  winter  and  a  desert  like  dryness  during  the 
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snmmer.  The  water  which  flows  in  deeply  cat  river  channels,  snch  as 
Yampa  and  White  Elver,  is  not  accamulated  in  this  locality,  at  least 
not  the  hundredth  part  of  it,  as  it  comes  from  the  distant  snowy  amphi- 
theatres of  the  Bocky  Mountains,  and  in  its  long  conrse  to  this  arid 
region  has  not  gained  in  volume,  but,  on  the  contrary,  has  lost  largely 
both  by  evaporation  and  sinking. 


CHAPTER    IV, 


UOTES    ON    TRIANGULATIONS   AND    MEASUREMENTS    OF  t 

HEIGHTS. 

Parallel  40^  3(y  forms  the  most  Dorthern  line  of  the  area  surveyed  in 
Ck)lorado,  by  Dr.  F.  Y.  Haydeu's  United  States  Geolof^cal  aud  Geograph- 
ical Survey  of  the  Territories,  during  the  years  1873-1876,  while  paral- 
lel 40^  15'  is  the  southern  line  of  the  work  performed  by  Clarence  King's 
Survey  of  the  Fortieth  Parallel,  during  the  years  of  1867-1872. 

A  net- work  of  triangles  was  expanded  over  the  respective  districts  of 
the  two  sepanite  surveys  in  the  usual  manner,  in  each  case  from  care- 
fully measured  base-lines.  The  base-lines  of  Clarence  King  were  situ- 
ated near  Fort  Steele  and  Sherman  Station,  on  the  Union  Pacific  Bail- 
road,  while  those  of  Dr.  Hay  den's  United  States  Geological  and  Geograph- 
ical Survey  were  measured  near  Denver,  Col.,  and  in  the  San  Luis  Park. 

It  might  reasonably  be  presumed  that  in  the  expansion  of  primary  as 
well  as  secondary  triangles,  from  bases  several  hundred  miles  apart,  with 
only  natural  objects  used  as  sighting-points,  the  accumulation  of  error 
would  be  exceedingly  large  at  those  portions  of  the  area  the  most  distant 
from  the  base  lines,  and  in  the  plateau  country  where  good  sighting 
points  become  scarce  would  necessitate  a  large  correction. 

It  is  evident  that  the  most  practical  test  of  the  accumulation  or  non- 

•accumulation  of  error  would  be  the  comparison  of  points  determined  by 

Professor  Haydeu's  United  States  Geological  aud  Geographical  Survey, 

with  the  same  points  determined  by  the  geodetic  corps  of  Clarence 

King's  Survey  of  the  Fortieth  Parallel  during  the  years  1807-1872. 

With  no  little  satisfaction  we  are  able  to  state  that  between  the  two 
surveys  starting  from  different  baselines  the  coincidence  of  i)oints  is 
remarkably  close;  so  close,  indeed,  that  on  the  scale  adopted  by  us  for 
the  publication  of  maps  the  difference  is  scarcely  apparent. 

Being  supplied  with  all  the  maps  bearing  the  stamps  of  oflScial  publi- 
cation— with  a  view  of  comparing  data — we  fouiid,  as  far  as  comparisons 
of  trigonometric  work  were  concerned,  that  the  location  of  points  from  the 
Survey  of  the  Fortieth  Parallel  alone  were  trustworthy,  while  the  errors 
of  other  i)ubli8hed  maps  of  that  country  were  great  and  completely  at 
variance  with  the  true  relations  and  conditions  of  the  surface. 

In  the  latter  part  of  the  year  1874  a  barometric  station  was  estab- 
lished at  the  White  River  Indian  ageiicj  by  Mr.  A.  R.  Marvine's  division 
of  Dr.  Hay  den's  United  States  Geological  and  Geographical  Surveys  of 
the  Territories,  at  which  tri-daily  observations  were  continued  up  to  the 
time  our  party  left  the  district  in  the  fall  of  1876.  On  this  base  depend 
our  observations  for  altitudes  throughout  the  district  lying  between  the 
Yampa  and  the  White  River. 

It  is  but  fair  to  state  that  these  heights  cannot  be  considered  irrefa- 
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table  or  absolute,  although  they  come  undoubtedly  a  great  deal  nearer 
trath  than  any  determinations  of  heights  made  by  previous  surveys  in 
this  region  or  others  adjacent  to  it,  as  their  respective  base  barometers 
w^re  too  distant,  and  recently  discovered  discrepancies  in  railroad  levels 
made  corrections  necessary  which  changed  the  results  over  100  feet 
from  previously  assumed  elevations  throughout  the  Rocky  Mountain  re- 
gion. 

Notwithstandingthemore  generally  correct  deteiminations  of  altitudes 
of  many  points  and  places  all  over  the  region  within  the  Bocky  Mount- 
ain system,  the  difficulty  of  obtaining  absolutely  correct  elevations  is  not 
removed  when  the  time  for  field  ob^rvation  is  but  short,  the  tempera- 
tare  and  climate  being  variable  during  that  short  period. 

Oar  results  of  elevation  aie  partially  derived  from  observations  with 
the  cistern  barometer  and  partially  from  corrected  aneroid  readings, 
while  vertical  angles  have  also  assisted  in  the  determination  of  the  gen- 
eral heights  of  this  country.  These,  at  least,  for  all  practicable  pur- 
poses, are  satisfactory,  while  to  obtain  real  scientific  accuracy  fo  the 
zesults  would  require  a  much  longer  time  of  observation.  * 

In  conclusion,!  wish  simplytoadd,  that  in  the  survey  of  our  district  we 
followed  that  method  of  work  which  has  been  uniformly  adopted  by  the 
Tarious  field  parties  of  the  survey  for  several  previous  years. 

Within  this  district  stations  were  made  on  thirty-five  of  the  highest 
I>oints,  and  observations  for  both  geodetic  and  topographic  purposes 
were  made  thereon,  while  six  auxiliary  stations  were  made  to  supple- 
ment the  work  in  necessary  places. 

Approximate  geographical  positions  and  elevaiiona  of  prominent  points  hettceen  Tampa  anA 

trhite  River,  and  from  meridian  107-  23'  0"  to  101)^  15'  U' . 


Names  of  locati^d  iMiints. 


flTATlOXrt  ON  MOUNTAINS  OU  POIXTd  OX  TLATEAl'S. 


SUtlon  TI.  Dan  forth  Hills 

Station  III,  Dan  forth  Ililb* 

SteHonlV.  Dinforth  UilU 

StaUon  V.  Danforth  Hills 

Station  VI,  D.inforth  Hillft 

Station  VII.  Danforth  Hills 

Stotlbn  VIII,  hij;hcn  point  on  Gray  Hilla 

HigheBt  Point  on  Grand  Hogback 

Sacaipmont  Peak.  CitocM  Hateuu 

Station  IX.  Danforth  HillH,  oast  of  ERrarpmont  Peak 

Station  X,  western  win^of  Gray  Hilla 

ni_4„  T>«4„»-   C  East  era  one 

Twin  Points  J  western  one 

Station  XVI,  or  Yampa  Peak 

Averajce  height  of  highest  points  on  Piilon  Ilidge 

Station  XXV,  Wanipita  Peak,  Tampa  divide 

Station  XXIII.  Yarapp  divide 

Janction  Moantain,  near  Suake  and  Yampa  Kiver  Jnnr:tion 

Promontory  PIateo,u.  hi-jhoHt  point,  sonth  of  Lilv's  Park 

Station  XX.  east  point  of  Midland  Riilge .' 

Station  XIV,  lii;;best  point  Yampa  Plateau 

Station  X  V.  six  miles  oast  of  Kaven's  Park 

Station  XVII.  Lower  Plateau  above  White  Piver  Caflon 

Station  XVIII.  south^^est  rim  of  Yampa  Plateau 

Station  XIX.  r>uena  vi.sta  Peak,  Yampa  PLiteaa 

Station  XXI.  Tank  Peak.  Yampa  Plateau 

Station  XXVII,  near  email  caiion  lielow  Yampa  Peak 

Station  XXIX,  center  of  Sa<:o  Plateau 

Station  XXX.  western  end  of  Saj;e  Plateau 

Station  XXXI,  bifjbest  point  Junction  Plateau 

Station  XXII.  northern  lini  Janction  Plat**au 

Statitm  XXXIII,  southwest  of  Yampa  and  Williams  Fork  Junction. 
Station  XXXIV,  sfjutheast  of  Wadrieland  Williams  Fork  Junction. 
Station  XXXV,  near  pass  over  ridge  between  Yampa  and  "Wil- 
liams' Fork 
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13  55 
7  30 

17  15 

19  0 


9 
11 


38 

0 


10  43 

26  30 

n 

22  4 

21  30 
30  0 
2;J  3.'> 

19  l-a 
18  28 

7  8 

59  25 

20  15 
26  0 
25  0 
28  0 
2:j  35 
28  0 

22  5 
20  50 
25  40 
30  40 


Elevation 
in  fe«L 


8,450 
8.  (H4 
K.960 
8,975 
8. 0.->0 
8,820 
8,830 
8,600 
8,820 
8.815 
7,250 
8.400 
8,400 
8,220 
7,400 
7.951 
7,600 
7,800 
7.200 
8,750 
8,900 
6,650 

6,  400 
8,830 
9,150 
9.200 
6,647 

7,  375 
7,010 
7.637 
7.462 
7,358 
7, 8^10 

8.000 


*  Ixjnpitnde  and  latitiuh'  aro  omitted  only  in  such  cases  whore  reference  is  mode  to  a  lirje  areOb 
Their  locations  will  be  found,  however,  by  consulting  the  accompanying  map. 
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Approximate  geographical  positions  and  elevations,  ^c. — Contioned. 


Names  of  located  pointa. 


PABSF8  AND  DIVIDE8. 

Pass  over  ridge  from  Yompa  River  to  Williams  Fork 

Yellow  Jacket  Pass 

Pass  between  Citadel  Platei>n  and  Danforth  Hills 

Poasat  head  of  Yale  Disappointment 

Divide  near  Pass  Batte 

PARKS,  BASINS,  BXVBR  JCNCTXOIB,  AND  CBOSSDSGS. 

Crossing  of  goremment  road  on  Yampa  Blver 

Crossinffof  goyemment  road  on  Williams  Fork 

White  Rtverute  agency 

West- Axial  BaslnTr..... 

Janotionof  Waddsl  Creek  and  Williams  Fork 

Jnnetion  of  Milk  Creek  and  YampaKiver 

Jnnotioo  of  Snake  and  Yampa  Bivers,  Lily's  Park 

West  end  of  Lily's  Park 

Junction  of  Green  and  Yampa  rivers 

Junction  of  Unga-too-wis  Wash  and  White  river 

Junction  of  Deep  Channel  Creek  and  White  River 

Junction  of  Fox  Creek  Wash  and  White  river 

Junction  of  WeaiT  linle^s  Wash  and  White  river 

Junction  of  Unea-too-roosh  Wash  and  White  river  (Raven  Park) 
Center  of  Coyote  Basin 


Longitude. 


107  27  45 

107  44   0 

108  6 
108  33 
107  40 


107  S6  0 

107  30  0 

107  48  30 

(•) 

107  36  30 

107  44  S5 

108  S4  25 
108  99  0 
108  58  30 
106  0  30 
108  80  0 
108  S8  0 
108  38  45 
106  50  0 
108  15  0 


Latitude. 


40  95    30 

40  9     0 

40  18 

40  91 

40  14 


0 
0 
0 


40 

30 

0 

40 

91 

95 

40 

14 
(•) 

7 

40 

99 

0 

40 

94 

0 

40 

97 

0 

40 

97 

15 

40 

31 

30 

40 

1 

0 

40 

10 

0 

40 

11 

15 

40 

9 

95 

40 

5 

0 

40 

15 

0 

*  Longitude  and  latitude  ore  omitted  only  in  such  cases  where  reference  is  made  to  a  Lixfi 
Their  locations  will  he  found,  however,  by  consulting  the  accompanying  map. 
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REPORT  OF  WILLIAM.  H.  HOLMES. 


LETTER  OP  TRANSMITTAL. 

WAsmNOTON,  March  1, 1878. 

Sib:  I  sabmit  herewith  my  report  on  the  rains  of  Sonth western  Colo- 
rado for  the  years  1875  and  1876.  A  preliminary  report  on  the  investi- 
gations made  in  1875  has  already  been  published  in  the  second  volame 
of  the  Survey  bnlletins.  As  the  edition  of  this  publication  was  very 
limited,  it  has  been  thought  best  to  republish  that  report  with  correc- 
tions and  additions,  in  connection  with  the  report  for  1876. 
Very  respectfully,  your  obedient  servant, 

WM.  H.  HOLMES. 
Dr.  P.  V.  Hatben, 

United  States  Oeologist  in  charge. 
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REPORT  ON  THE  ANCIENT  RUINS  OF  SOUTHWESTERN  COLORA- 
DO, EXAMINED  DURING  THE  SUMMERS  OF  1875  AND  1876. 


By  W.  H.  Holmes. 


In  addition  to  my  duties  as  geologist  to  the  southwest  or  San  Juan 
division  of  the  survey  for  1875, 1  was  assigned  the  very  agreeable  task 
of  makiug  examinations  of  such  ancient  remains  as  might  be  included 
in  the  district  surveyed;  also  in  1876,  in  company  with  Mr.  Wilson, 
director  of  the  primary  triangulatiou,  I  revisited  the  northern  border  ot 
the  same  district  and  made  additional  observations. 

Previous  to  1875  much  information  had  already  been  given  to  the 
public  in  relation  to  the  ruins  of  Southwestern  Colorado  by  Mr.  Jack- 
8on,  who  paid  them  a  short  visit  in  1874,  and  many  similar  remains  had 
been  described  by  early  explorers  in  New  Mexico  and  Arizona,  but 
nothing  like  a  complete  survey  of  this  particular  region  had  been  made. 

The  district  examined  by  our  party  covers  an  area  of  nearly  6,000 
square  miles,  chiefly  in  Colorado,  but  which  includes  narrow  belts  in 
the  adjacent  Territories  of  New  Mexico,  Utah,  and  Arizona.  It  lies 
wholly  on  the  Pacific  slope,  and  belongs  almost  entirely  to  the  drain- 
age-system of  the  liio  San  Juan,  a  tributary  of  the  Colorado  of  the 
West. 

Lying  along  the  west  base  of  the  mouataius  is  a  comparatively  flat 
country,  the  eastern  border  of  the  great  plateau-region  that  reaches 
westward  toward  the  Sierras.  The  surface-geology  is  chiefly  Creta- 
ceous, and  the  various  large  streams  formed  on  the  west  slope  of  the 
Bocky  Mountains  have  cut  long  caHoned  valleys  down  through  the 
nearly  horizontal  beds.  In  the  greater  part  of  this  region  there  is  lit- 
tle moisture  apart  from  these  streams,  and,  as  a  consequence,  vegeta- 
tion is  very  sparse,  and  the  general  aspect  of  the  country  is  that  of  a 
semi  desert.  Yet  there  is  bountiful  evidence  that  at  one  time  it  sup- 
ported a  numerous  population ;  there  is  scarcely  a  square  mile  in  the 
6,000  examined  that  does  not  furnish  evidence  of  previous  occupation 
by  a  race  totally  distinct  from  the  nomadic  savages  who  hold  it  now, 
and  in  many  ways  superior  to  them. 

At  first,  it  seems  strange  that  a  country  so  dry  and  apparently  barren 
as  this  now  is  could  support  even  a  moderate  population,  and  it  is  con- 
sequently argued  that  the  climate  has  grown  less  moist  since  the  an- 
cient occupation.  Be  this  as  it  may,  I  observe  the  fact  that  the  ffreat 
bulk  of  remains  are  on  or  in  the  immediate  neighborhood  of  ru$iiug 
streams,  or  by  springs  that  furnish  a  plentiful  supply  of  water  during 
the  greater  part  of  the  year.  The  ever-present  pottery  may  in  many 
cases  have  been  broken  and  left  by  hunting  and  wandering  parties,  and 
the  remnants  of  dwellings  far  out  from  water  may  have  been  but  tem- 
porary abodes  used  only  in  the  winter  or  during  rainy  seasons. 

I  also  notice  that  the  country  is  by  no  means  an  entire  desert.    All 

along  the  stream -courses,  there  are  grass-covered  meadows  and  broad 

belts  of  alluvial  bottom,  affording,  if  properly  utilized,  a  considerp.ble 

area  of  rich  tillable  land. 
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The  rains  of  this  repon,  like  most  others  of  the  extreme  West  aud 
South,  are  the  remnauts  iu  a  great  measure  of  stone  structures.  To 
what  extent  wood  aud  adobe  were  used  can  hardly  be  determined.  It 
is  evident,  however,  that  a  great  portion  of  the  villages  and  dwellings 
of  the  lowlands  have  been  of  material  other  than  stoue,  freijuently 
doubtless  of  rubble  aud  adobe  combined. 

As  to  situation,  they  may  be  classed  very  properly  under  three  heads: 
(1)  lowland  or  agricultural  settlements ;  (2)  cave  dwellings ;  and  (3)  cliff- 
houses  or  fortresses. 

Those  of  the  first  class  are  chiefly  on  the  river-bottoms,  in  close  prox- 
imity to  water,  iu  the  ver>'  midst  of  the  most  fertile  lands,  and  located 
without  reference  to  security  or  means  of  defence. 

Those  of  the  second  are  in  the  vicinity  of  agricultural  lands,  bat  tmilt 
in  excavations  in  low-bluff  faces  of  the  Middle  Cretaceous  shales.  Tte 
sites  are  chosen  also.  I  imagine,  with  reference  to  security ;  while  ike 
situation  of  the  cliff-houses  is  chosen  with  reference  to  security  cmij. 
They  are  built  high  up  in  the  steep  and  inaccessible  cliffs,  and  haro  Ihe 
least  possible  degree  of  convenience  to  field  or  water. 

As  to  use,  the  position  for  the  most  part  determines  that.  Uie  loir- 
Innd  ruins  are  the  remains  of  agricultural  settlements,  built  and  oooe- 
pied  much  as  similar  villages  aud  dwellings  are  occupied  by  peaoeaUfc 
and  unmolested  peoples  of  to-day.  The  cave-dwellers,  although  Ik^ 
may  have  been  of  the  same  tribe  and  contemporaneous,  probably  built 
with  refei^nce  to  their  peaceable  occupations  as  well  as  to  defense,  bat 
it  is  impossible  to  say  whether  or  not  they  made  these  houses  their 
constant  dwelliugplaces.  The  cliff  houses  could  only  have  beeu  used 
as  places  of  refuge  and  defense.  During  seasons  of  invasion  aud  war, 
families  were  pi-obably  sent  to  them  for  security,  while  the  warriors 
defended  their  property  or  went  forth  to  battle ;  and  one  can  readily 
imagine  that  when  the  hour  of  total  defeat  came,  they  served  as  a  last 
resort  for  a  disheartened  and  desperate  people. 

In  form,  the  parallelogram  and  circle  predominate,  and  a  consider- 
able degree  of  architectural  skill  is  displayed.  Where  the  conformation 
of  the  ground  permits,  the  squares  are  perfect  squares  and  the  cii*cles 
perfect  circles.  The  greater  part  of  the  ordinary  structui^es  are  square 
or  rectangular;  while  attached  to  each  group,  aud  b^ometimes  without 
indications  of  contiguous  buildings,  are  circular  ruins  frequently  re- 
sembling towers.  These  are  the  most  pretentious  structures,  being  often 
as  much  as  forty  feet  in  diameter,  and  in  many  cases  having  double  or 
triple  walls.  They  are  solidly  built  of  hewn  stone,  dressed  on  the  out- 
side to  the  curve,  neatly  jointed,  and  luid  in  mortar. 

In  the  larger  towers  the  space  between  the  outer  walls  is  invariably 
divided  by  heavy  partition-walls  into  a  number  of  apartments,  while  a 
circular  depression,  or  eatufa,*  occui)ies  the  centre  of  the  enclosure. 

It  seems  evident,  from  the  extraordinary  form  of  these  structures  aud 
the  unusual  care  shown  in  their  construction,  that  they  were  not  de- 
signed for  the  ordinary  uses  of  dwelling  or  defence.  It  has  been  ob- 
served that,  among  nearly  all  the  ancient  tribes  of  North  America,  the 
grandest  and  most  elab(»rate  works  of  art  were  the  offspring  of  their 
superstitions,  and  it  does  not  seem  at  all  injprobable  that  these  gre^C 
towers  iiad  a  religious  origin. 

In  the  inhabited  pm'blos  of  to-day  there  are  underground  rooms,  fw- 
qucMitly  (circular,  used  as  <^ouncit-chambers  as  well  as  for  the  perform- 
anc4*  of  the  mysterious  rites  of  their  religion.    Similar  chambers  occur. 

*  A  Spanish  woul  si;;uiiyiii^  " .sweat -house"  or  council-bouso. 
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according  to  Lieatenant  Simpson,*  in  all  tbe  ruined  cities  of  New  Mex* 
ico,  bat  having  single  walls  of  no  great  height  or  thickness.  It  is  stated 
by  Sqaier  and  Davis  t  that  in  Mexico  the  sacred  enclosares  were  also 
used  for  defensive  purposes,  and  it  certainly  seems  probable  that  these 
curious  structures  served  both  as  temples  and  fortifications,  and  that 
the  apartments  between  the  walls  were  the  receptacles  of  sacred  or 
valuable  property. 

The  smaller  single-walled  towers,  which  are  scattered  at  intervals 
along  the  river-courses  and  canons,  frequently  in  commanding  situations, 
were  probably  watch  or  signal  towers. 

The  cave-dwellings  are  made  by  digging  irregular  cavities  in  the  faces 
of  bluffs  and  cliffs  formed  of  friable  rock,  and  then  walling  up  the  fronts, 
leaving  only  small  doorways,  and  an  occasional  small  window  at  the 
side  or  top. 

The  cliff-houses  conform  in  shape  to  the  floor  of  the  niche  or  shelf  on 
which  they  are  built.  They  are  of  firm,  neat  masonry,  and  the  manner 
in  which  they  are  attached  or  cemented  to  the  cliffs  is  simply  marvelous. 
Their  construction  has  cost  a  great  deal  of  labor,  the  rock  and  mortar 
of  which  they  are  built  having  been  brought  for'  hundreds  of  feet  up 
the  most  precipitous  places.  They  have  a  much  more  modern  look  than 
the  valley  and  cave  remains,  and  are  probably  in  general  more  recent, 
belonging  rather  to  the  close  than  to  the  earlier  parts  of  a  long  period 
of  occupation.  Their  position,  however,  has  secured  them  in  a  great 
measure  from  the  hand  of  the  invader  as  well  as  from  the  ordinary 
effects  of  age. 

Of  works  of  art  other  than  architectural  that  might  assist  in  throw- 
ing light  upon  the  grade  of  civilization  reached  by  these  people,  but 
meagre  discoveries  were  made ;  although  I  imagine  that  careful  search 
and  well-conducted  exhumation  might  develop  many  things  of  great 
interest.  A  considerable  number  of  arrow-heads,  stone  implements, 
ornaments,  and  articK'is  of  fictile  manufacture,  that  may  fairly  be  attrib- 
uted to  the  age  of  tbe  cliff-builders,  were  collected.  The  greater  part 
of  these  are  figured  iu  plates  XLIV,  XLV,  and  XL VI. 

There  are  no  evidences  whatever  that  metals  were  used. 

liTumerous  rock-insci  iptions  were  observed,  both  engraved  and  painted 
upon  the  clifis.  Drawings  of  a  large  number  were  made,  and  some  of 
the  more  notable  examples  are  given  in  plates  XLII  and  XLIII.  A 
large  number  of  burial  places,  or  what  we  are  led  to  believe  are  such, 
were  visited.  The  only  localities  which  have  yielded  human  remains 
are  in  the  valleys  and  in  the  vicinity  of  ancient  ruins.  Three  entire 
skeletons  were  obtained;  one  from  the  banks  of  Hovenweep  Creek,  near 
the  ruin  known  as  Hovenweep  Castle ;{  the  others  from  a  freshly  exca- 
vated arroyo  in  an  ancient  village  near  Abiquiu,  New  Mexico.§  A  skull 
was  obtained  by  Captain  Moss  from  a  grave  on  the  Rio  San  Juan  near 
the  mouth  of  the  Mancos,  but  no  particulars  of  the  i)osition  of  the  skel- 
eton or  manner  of  burial  were  obtained.  Two  entire  specimens  of 
earthen  vessels!  |  were  found  with  the  skeleton. 

The  greater  portion  of  what  are  supposed  to  be  burial  places  occur  on 
the  summits  of  hills  or  on  high,  barren  promontories  that  overlook  the 
valleys  and  cafions.  In  these  places  considerable  areas,  amounting  in 
some  cases  to  half  an  acre  or  more,  are  thickly  set  with  rows  of  stone 

*  Expedition  to  tbe  Navsgo  Country,  p.  78.  &o.    See  alsOi  Mr.  Jaokson's  report. 

f  Ancient  monnments  of  the  Mississippi  Yalleyi  p.  102. 

t  Described  by  Mr.  Jackson.  Report  U.  8.  Geo).  Snrv.,  1874, 1876,  p.  381. 

(The  crania  obtained  are  described  by  Dr.  Bessells  in  Balietin  U.  S.  Geol.  Survey, 


Vol.  li,  No.  1,  pp. 
I  Mr.  Jaoksoirs 
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report. 
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Flabs.  which  are  set  in  the  groaud  and  arranged  in  circles  or  {MtraUelo- 
j^nim.s  of  greatly  varying  dimensions.  At  first  sight  the  idea  of  a  cem- 
etery is  .suggested^  althongh  on  examination  it  is  found  that  the  aoil 
uifoh  the  solid  lock  surfaces  is  but  a  few  inches  deep,  or  if  deeper,  so 
compact  that  ^ith  the  best  implements  it  is  very  difficult  to  pene- 
trate it. 

On  the  west  bank  of  the  Dolores,  near  the  second  bend,  I  came  opon 
a  cluster  of  these  standing  stones  on  the  summit  of  a  low,  rounded  hOl* 
and  in  the  midst  of  a  dense  growth  of  full-grown  piiion  pines.  Scattered 
over  the  ground  were  many  fragments  of  the  ordinary  varieties  of  pot- 
ter}*, together  with  arrow-points  and  chips  of  obsidian,  agate,  and 
quartz. 

The  rows  of  stones  were  arranged  to  inclose  a  number  of  paraUelo- 
grams  that  would  probably  average  3  feet  by  8  in  dimensions.  The 
stones  were  generally  quite  flat,  and  never  more  than  2  feet  in  leugth  ex 
width.  They  were  not  iierceptibly  cut  or  dressed.  Many  of  them  had 
fallen  over  and  lay  strewn  irregularly  about,  while  few  of  them  were 
buried  deeper  than  a  few  inches.  The  soil,  however,  was  anasoally 
firm,  and  it  was  with  the  greatest  difficulty  that  we  succeeded  in  pens* 
trating  to  the  depth  of  2  f^L  Near  the  surface  were  a  few  thin  layers 
of  bits  of  pottery  and  charcoal,  but  at  6  inches  in  depth  the  soil  had 
apparently  never  been  disturbed. 

That  the  placing  of  these  stones  occurred  at  a  very  early  date  is  at- 
tested by  the  growth  of  forest,  which  is  at  lesist  three  or  four  handled 
years  old.  In  a  number  of  cases  the  stones  are  deeply  embedded  in  the 
sides  and  roots  of  the  trees. 

Ac  two  other  localities  near  the  south  bend  of  the  Rio  Dolores  I  ob* 
8f:rved  similar  groups  of  standing  stones,  about  which  was  the  osual 
accouipaniment  of  pottery  and  fiint  chips. 

On  H  high  promontory  between  the  McEImo  and  Hovenweep  cafionSi 
at  their  Junction,  I  discovered  a  fine  group  of  similar  remains.  Here  a 
number  of  the  (enclosures  were  circular,  and  in  a  few  cases  were  as  much 
as  20  f<f('t  iu  diameter.  A  full  description  of  this  locality  will  be  found 
in  Mr.  Jackson's  report. 

'J'hc  imi>ression  that  the.se  places,  if  not  actually  burying-grounds, 
were  at  l<!ast  i»laces  used  for  the  performance  of  funeral  rites  is  con- 
firmed by  the  well-known  fact  that  many  of  the  American  tribes  perform 
tiiese  rites  in  similar  situations,  the  remains  of  the  dead  being  burned 
or  left  to  decay  in  the  oi>en  air. 

The  occurrence  of  such  quantities  of  pottery  and  arrow-points  sug- 
gests the  idea  that  these,  and  perhaps  other  more  destructible  articles, 
may  have  been  left  with  the  dead  to  be  used  by  the  departed  spirit  on  its 
way  to  the  "  happy  hunting  grounds.'' 

The  accompanying  plates  are,  with  a  few  exceptions,  reproductions  of 
X)en-drawiiigs.  The  plans  are  not  drawn  to  a  uniform  scale,  because  of 
the  inconvenience  of  such  an  arrangement ;  but  measurements  are  so 
frequently  given  on  the  plates  themselves  that  no  confusion  need  occur. 
Aleasurenieiits  were  taken  by  tape-line  in  all  the  more  important  struct- 
ures 5  but  in  many  of  the  ordinary  ruins,  where  exact  dimensions  were 
not  considered  essential,  the  distances  were  estimated.  It  is  to  be 
greatly  regretted  that  extreme  haste  frequently  i)revented  close  and 
accurate  work. 

The  map  which  follows  this  report  will  give  the  location  of  all  the 
more  imi)ortaiit  groups  of  ruins. 
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RUINED  VILLAGE  ON  THE  BIO  LA  PLATA. 

Plate  XXX. 

The  first  group  of  ruiDB  observed  is  situated  on  the  Bio  La  Plata, 
about  twenty-five  miles  above  its  junction  with  the  San  Juan,  and 
five  miles  south  of  the  New  Mexican  line.  It  is  doubtless  the  re- 
mains of  a  large  irregular  village,  and  stands  on  a  low  terrace,  some  20 
feet  above  the  river-l^,  and  near  the  centre  of  a  large,  fertile  valley. 

It  will  be  seen,  by  reference  to  the  plate,  which  includes  only  the 
more  important  part  of  the  town,  that  the  buildings  have  been  isolated, 
and,  in  a  measure,  independent  of  each  other,  differing  in  this  respect 
from  most  of  the  groups  of  ruins  farther  south  and  west. 

The  forms  are  chiefly  rectangles  and  circles ;  one  or  two  seem  to  have 
been  elliptical,  while  a  number  have  consisted  of  irregular  groups  or 
clusters  of  apartments.  All  that  now  remains  to  mark  the  site  of  these 
ancient  structures  are  the  low,  rounded  heaps  and  lines  of  dibris,  com- 
posed of  earth,  water-worn  pebbles,  and  small  fragments  of  sandstone. 
The  walls  of  four  of  the  main  structures  are  quite  distinctly  marked. 
That  of  the  circle  c  is  still  4  feet  high  on  the  outside,  and  incloses  a  de- 
pression, probably  an  estu/Uj  which,  in  the  center,  is  2  or  3  feet  below  the 
terrace-level. 

North  of  this,  about  300  feet,  is  a  truncated  rectangular  mound,  9  or 
10  feet  iu  height  and  50  feet  in  width  by  80  in  length.  On  the  east  end, 
near  one  of  the  angles,  is  a  low,  projecting  pile  of  debris  that  may  have 
been  a  tower.  There  is  nothing  whatever  to  indicate  the  use  of  this 
structure.  Its  flat  top  and  height  give  it  more  the  appearance  of  one 
of  the  sacrificial  mounds  of  the  Ohio  Valley  than  any  other  observed 
in  this  part  of  the  West.  It  may  have  been,  however,  only  a  raised 
foundation,  designed  to  support  a  superstructure  of  wood  or  adobe. 

North  of  this,  again,  and  100  feet  distant,  is  a  rectangular  iuclosure 
about  60  by  100  feet.  It  is  slightly  excavated  in  the  centre,  and  the 
rounded  and  irregular  wall  is  from  4  to  6  feet  in  height.  The  space  be- 
tween this  and  the  last-mentioned  structure  is  filled  in  to  the  depth  of  2 
or  3  feet,  and  the  amount  of  d6bris  about  their  bsises  indicates  original 
v?alls  of  considerable  height.  North  of  this  are  scattered  a  number  of 
inferior  rains,  the  walls  of  which  are  not  always  distinctly  marked.  These 
extend  back  toward  a  row  of  low  hills,  the  remnants  of  a  superior  ter- 
race, on  the  summits  of  which  a  number  of  artificial  depressions  were 
found.  Such  "  dug  holes"  are  generally  quite  numerous  in  the  vicinity 
of  these  ruins,  and  have  doubtless  in  many  cases  been  made  by  throw- 
ing up  earthworks  for  defensive  purposes.  South  of  the  large  circle  is 
a  mass  of  ruins  covering  some  15,000  square  feet,  but  so  much  reduced 
that  nothing  further  could  be  determined  than  the  fact  that  it  had  con- 
tained a  large  n amber  of  irregular  apartments.  Next  to  this  is  a  rect- 
angular ruiu,  containing  three  well-marked  apartments.  Its  walls  are 
6  or  7  feet  high,  and,  unlike  those  of  the  preceding  examples,  do  not 
coincide  with  the  cardinal  points.  South  of  this,  and  occupying  the 
extreme  southern  end  of  the  terrace,  are  a  number  of  small  circles  and 
mounds,  while  an  undetermined  number  of  diminutive  mounds  are  dis- 
tributed among  the  other  ruins. 

To  the  east  of  the  Indian  trail,  as  shown  in  the  plate,  are  a  number  of 
inclosures  of  lesser  importance,  which,  from  want  of  time,  were  not 
closely  examined. 

Nowhere  about  these  ruins  are  there  any  considerable  indications  of 
defensive  works,  and  the  village,  which  is  scattered  over  an  area  fully 
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two  miles  in  circuit,  has  no  natxiral  defensive  advantages  whatever. 
Neither  are  there  traces  of  ditches,  nor  of  anything  that  might  throw 
important  light  npon  the  habits  or  occupations  of  the  people.  A  few 
arrow-heads  and  minute  cutting-implements  were  picked  up.  Countless 
chips  of  jasper,  obsidian,  and  lint  were  scattered  around,  and  the  soil 
was  literally  full  of  fragments  of  painted  and  indented  pottery. 

On  the  opposite  side  of  the  river,  and  at  intervals  above  and  below, 
are  isolated  groups  of  ruins  and  heaps  of  dibri^ — certainly  the  remains 
of  dwellings.  These  seem  to  be  distributed  very  much  as  dwelling-houses 
are  in  the  rural  districts  of  civilized  and  peaceable  commnuities. 

It  is  possible  that  there  are  undiscovered  ruins  on  this  stream  equally 
important  with  those  described ;  for,  in  pursuing  my  geologic  investiga- 
tions, I  was  comi)ellcd  to  take  a  long  detour  to  the  westward  from  this 
point,  returning  to  the  La  Plata  again  a  fftw  miles  above  its  junction 
with  the  San  Juan.  On  this  occasion,  while  riding  through  a  desert- 
like locality,  quite  naked  and  barren,  much  resembling  the  well-known 
Mauvaises  terres,  I  was  surprised  to  observe  fragments  of  pottery  strewn 
around,  and  presently  a  number  of  ruins,  in  a  very  reduced  state  and 
almost  covered  by  the  drifting  sand,  and  this  six  or  eight  miles  from  water. 
On  the  high,  dry  table-lauds,  on  all  sides,  fragments  of  pottery  were 
picked  up.  What  could  have  induced  people  to  build  and  dwell  in  such 
a  locality  it  is  useless  to  surmise. 

GROUP  OF   CAVE-DWELLINGS  AND  TOWERS  ON  THE  RIO  SAN  JUAN. 

Plate  XXXL 

On  the  San  Juan  liiver,  about  thirty -five  miles  below  the  mouth  of  the 
La  Plata  and  ten  miles  above  the  Maucos,  occurs  the  group  of  ruins 
figured  in  Plate  II. 

The  river  is  bordered  here  by  low  lines  of  bluffs  formed  from  the  more 
compact  portions  of  the  Middle  Cretaceous  shales.  At  this  particular 
place,  the  vertical-bluff  face  is  from  35  to  40  feet  in  height. 

I  observed,  in  approaching  from  above,  that  a  ruined  tower  stood 
near  the  brink  of  the  cliff,  at  a  point  where  it  curves  outward  toward 
the  river,  and  in  studying  it  with  my  glass  detected  a  number  of  cave- 
like openings  in  the  cliff-face  about  half-way  up.  On  examination,  I 
found  them  to  have  been  shaped  by  the  hand  of  man,  but  so  weatbere-d 
out  and  changed  by  the  slow  process  of  atmospheric  erosion  that  the 
evidences  of  art  were  almost  obliterated. 

The  openings  are  arched  irregularly  above,  and  generally  quite  shal- 
low, being  governed  very  much  in  contour  and  depth  by  the  quality  of 
the  rock.  The  work  of  excavation  has  not  been  an  extremely  great 
one,  even  with  the  imperfect  implements  that  must  have  been  used,  as 
the  shale  is  for  the  most  part  soft  and  friable. 

A  hard  stratum  served  as  a  floor,  and  projecting  in  many  places  made 
a  narrow  platform  by  which  the  inhabitants  were  enabledto  pass  along 
from  one  house  to  another. 

Small  fragments  of  mortar  still  adhered  to  the  firmer  parts  of  the 
walls,  from  which  it  is  inferred  that  they  were  at  one  time  plastered.  It 
is  also  extremely  probable  that  they  were  walled  up  in  front  and  fur- 
nished with  doors  and  windows,  yet  no  fragment  of  wall  has  been  pre- 
served. Indeed,  so  great  has  been  the  erosion  that  many  of  the  caves 
have  been  almost  obliterated,  and  are  now  not  deep  enough  to  give 
shelter  to  a  bird  or  bat. 

This  circumstance  should  be  considered  in  reference  to  its  bearing 


V.  S.  (Imtogiixil  SHirt-g. 


■oLMEfl.]  CAVE-TOWN,  MO  SAN  JUAN.  389 

npon  the  question  of  antiquity.  If  we  suppose  the  recess  to  be  destroyed 
is  six  feet  deep,  the  entire  cliff  must  recede  that  number  of  feet  in  order 
to  accomplish  it.  If  the  rock  were  all  of  the  friable  quality  of  the  mid- 
dle part,  this  would  indeed  be  the  matter  of  a  very  few  decades;  but  it 
should  be  remembered  that  the  upper  third  of  the  cliff-face  is  composed 
of  beds  of  comparatively  hard  rocks,  sandstones,  and  indurated  shales. 
It  should  also  be  noted  still  further  that  at  the  base  of  the  cliff  there  is 
an  almost  total  absence  of  dibris,  or  fallen  rock,  or  even  of  an  ordinary 
talus  of  earth,  so  that  the  period  that  has  elapsed  since  these  houses 
were  deserted  must  equal  the  time  taken  to  undermine  and  break  down 
the  six  feet  of  solid  rock,  plus  the  time  required  to  reduce  this  mass  of 
rock  to  dust ;  considering  adso  that  the  erosive  agents  are  here  unusually 
weak,  the  resulting  period  would  certainly  not  bo  inconsiderable. 

Figure  2  gives  a  fair  representation  of  the  present  appearance  of  these 
dwellings,  while  their  relations  to  the  group  of  ruins  above  will  be 
understood  by  reference  to  Figure  1.  These  ruins  are  three  in  number — 
one  rectangular  and  two  circular.  The  rectangular  one,  as  indicated  in 
the  plan  G,  is  placed  on  the  edge  of  the  mesa,  over  the  more  northern 
group  of  cave-dwellings;  it  is  not  of  great  importance,  being  only  34 
by  40  feet,  and  scarcely  2  feet  high ;  the  walls  are  1^  feet  thick,  and 
built  of  stone. 

The  small  tower  B  is  situated  on  the  brink  of  the  cliff,  directly  above 
one  of  the  principal  groups  of  cave-houses.  It  is  neatly  built  of  stone, 
which,  although  not  hewn,  is  so  carefully  chosen  and  a^usted  to  the 
curve  that  the  wall  is  quite  regular.  That  the  stone  was  procured  from 
the  neighboring  cliffs  is  indicated  by  the  presence  of  great  numbers  of 
characteristic  fossils.  The  wall  is  18  inches  thick  and  from  2  to  6  feet 
in  height. 

Long  lines  of  dSbris^  radiating  from  all  sides,  indicate  that  it  has 
been  much  higher,  and  has  but  recently  fallen.  This  tower  is  enclosed 
by  a  wall,  also  circular  in  form,  but  open  toward  the  cliff,  as  seen  in  the 
drawing ;  the  ends  projecting  forward  and  irregular  and  broken  as  if 
portions  had  fallen.  Its  construction  is  like  that  of  the  inner  wall,  but 
the  height  is  not  more  than  3  feet  at  any  point.  The  diameter  of  the 
inner  circle  is  12  feet,  that  of  the  outer  22  feet ;  the  distance,  therefore, 
between  the  walls  is  a  little  less  than  4  feet.  In  this  space  there  are 
indications  of  partition- walls  that  have  originally  divided  it  into  a  num- 
ber of  apartments. 

About  one  hundred  and  fifty  yards  to  the  southwest  of  this  ruin  are 
the  remains  of  another  similar  structure.  It  has  been,  however,  on  a 
much  grander  scale.  The  walls  are  26  inches  thick,  and  indicate  a 
diameter  in  the  out6r  wall  of  about  140  feet.  They  are  not  above  4  feet 
high  at  any  point,  and  in  the  parts  toward  the  cliff  can  only  be  traced 
by  a  low  ridge  of  earth.  The  remaining  fragments  of  wall  are  at  the 
remoter  parts  of  the  circles,  and  are  in  every  respect  like  the  walls 
already  described.  The  inner  wall,  which  can  be  traced  but  a  short  dis* 
tance,  is  8^  feet  from  the  outer,  and  has  been  connected  by  partition- 
walls,  as  in  the  other  case. 

The  first  impression  given  by  this  curious  enclosure  is  that  it  was 
designed  for  a  ''corral",  and  used  for  the  protection  of  herds  of  domes- 
tic animals;  but  since  these  people  are  not  known  to  have  possessed 
domestic  animals,  and  when  wefurtherconsider  that  enclosures  of  pickets 
would  have  served  this  purpose  as  well  as  such  a  massive  and  extraor* 
dinary  structure,  we  can  hardly  avoid  assigning  it  to  some  other  use, 
which  use,  doubtless  similar  to  that  of  the  smaller  tower,  is  very  natu- 
rally suggested  by  its  location  and  construction. 
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That  they  both  belonged  to  the  commanity  of  oave-d wellers,  and  served 
as  their  fortresses,  couucil-chainbers,  aud  places  of  worshii),  would  seem 
to  be  natural  aud  reasonable  inferences.  Being  on  the  border  of  a  low 
mesa  country  that  rises  towards  the  north,  the  strong  outside  walls  were 
doubtless  found  necessary  to  prevent  incursions  from  that  direction, 
while  the  little  community  by  means  of  ladders  would  be  free  to  pass 
from  dwelling  to  temple  aiid  fortress  without  danger  of  molestation. 

The  original  height  of  these  structures  must  necessarily  be  a  matter 
of  conjecture,  and  it  is  true  that  although  there  is  every  evidence  of  age, 
both  in  the  cave-dwellings  and  in  the  walled  enclosures  above,  the  lack 
of  great  quantities  of  crumbling  walls  and  debris,  and  the  general  bare- 
ness of  the  ruins,  give  rise  to  the  notion  that  they  were  but  meagre 
nfifairs.  If  we  conclude,  however,  that  the  outer  walls  were  constructed 
for  defence,  and  their  thickness  and  form  favor  such  a  hypothesis,  their 
height  would  probably  have  been  as  great  as  llfteen  or  twenty  feet, 
while  the  inner  walls,  being  equally  heavy  aud  wi*U  built,  would  be  suf- 
ficiently high  to  accommodate  two  or  three  stories. 

The  manner  of  walling  up  the  fronts  of  the  cave  dwellings,  as  here 
given,  was  observed  frequently  on  the  Kio  MancoH,  where,  in  correspond- 
ing clififs  of  slialy  sandstones,  there  are  many  well-preserved  specimens. 
A  large  group  situated  on  this  stream,  about  ten  miles  above  its  mouth, 
was  subsequently  examined.  The  walls  were  in  many  places  quite  well 
preserved  aud  new-looking,  while  all  about,  high  aud  low,  were  others 
in  all  stages  of  decay.  In  one  place  in  particular,  a  pictuivsque  oot- 
standing  promontory  has  been  full  of  dwellings,  literally  honey-combed 
by  this  earth- burrowing  race,  and  as  one  from  below  views  the  ragged, 
window-jiierced  crags  (see  Plate  XXXII),  he  is  unconsciously  led  to 
wonder  if  they  are  not  the  ruins  of  some  i^ncient  castle,  behind  whose 
mouldering  wiiIls  are  hidden  the  dread  secrets  of  a  long- forgotten  i)eopio; 
but  a  nearer  approach  quickly  disi>els  such  fancies,  for  the  windows 
prove  to  be  only  the  door-ways  to  shallow  and  irregular  apartments, 
hardly  sufficiently  commodious  for  a  race  of  pigmies.  Neither  the  outer 
openings  nor  the  ai)ertures  that  cominunicate  between  the  caves  are 
large  enough  to  allow  a  person  of  large  stature  to  pass,  and  one  is  led 
to  suspect  that  these  nests  were  not  the  dwellings  proi>er  of  these  people, 
but  occasional  resorts  for  women  and  children,  and  that  the  somewhat 
extensive  ruins  in  the  valley  below  were  their  ordinary  dwelliug-piaces. 
On  the  brink  of  the  promontory  above  stands  the  ruin  of  a  tower,  still 
twelve  feet  high,  and  similar  in  most  respects  to  those  already  described. 
These  round  towers  are  very  numerous  in  the  valley  of  the  Mancos* 
From  this  i>oint  alone  at  least  three  others  are  in  view,  some  on  the 
higher  promontories,  others  quite  low,  within  twenty  or  thirty  feet  of 
the  river-bed.  I  visited  and  measured  seven  along  the  lower  fifteen 
miles  of  the  course  of  this  stream.  In  dimensions  they  range  from  ten 
to  sixteen  feet  in  diameter  aud  from  five  to  fifteen  feet  in  height,  while 
the  walls  are  from  one  to  two  feet  in  thickness.  They  are  in  nearly  every 
case  connected  with  other  structures,  mostly  rectangular  in  form.  At 
the  mouth  of  the  ^lancos,  however,  a  double  circle  occurs,  the  smaller 
one  having  been  the  tower  proper.  It  is  fifteen  feet  in  diameter,  and 
from  eight  to  ten  in  height.  The  larger  circular  wall  is  forty  feet  in 
diameter  and  from  two  to  four  feet  high,  and  is  built  tangent  to  the 
smaller.  This  ruin  is  at  the  point  where  the  Mancos  reaches  the  allu- 
yi<il  bottom  Ijordering  the  Kio  San  Juan,  and  about  one  mile  above  its 
junction  with  that  river.  On  the  opposite  or  south  side  of  the  river  are 
traces  of  somewhat  extensive  ruins,  but  so  indistinct  that  the  character 
of  the  original  structures  cannot  be  made  out,  and  indeed  no  single 
mile  of  the  lo\vc*r  tilrv  of  the  Mancos  is  without  such  remains. 
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OAKON  of  the  bio  IIANOOS. 

Fifteen  miles  from  its  jaDction  with  tbeSan  Jnan,  this  stream  emerges 
from  the  southwest  border  of  the  Mesa  Verde,  through  which  it  has  cut 
its  way,  producing  a  most  remarkable  canon.  This  canon  has  already 
been  once  or  twice  described;  but,  in  order  to  make  my  subsequent 
descriptions  better  understood,  I  shall  give  here  an  outline.  The  Mesa 
Yerde  is  a  somewhat  irregular  table-land,  comprising  an  area  of  about 
seven  hundred  square  miles,  and  is  formed  of  a  great  series  of  nearly 
horizontal  sedimentary  rocks,  of  which  the  surrounding  country  has 
been  denuded.  This  series  of  strata  consists,  in  the  upper  part,  of 
massive  sandstones ;  in  the  middle  part,  of  alternating  sandstones  and 
shales ;  and  in  the  lower  one  thousand  feet,  chiefly  of  shales  and  clay. 
These  softer  beds  are,  when  once  exposed  to  the  erosive  agents,  carried 
away  with  great  rapidity,  and,  as  a  consequence,  the  firmer  rocks  above 
are  undermined  and  break  down  in  vertical  cliffs,  and,  where  sott  and 
hard  beds  alternate,  a  series  of  steps,  with  intervening  slopes,  is  formed. 
It  will  readily  be  seen  that  a  canon  thus  formed  would  consist  in  gen- 
eral of  a  narrow,  irregular  river-bottom,  long  steep  slopes  of  dSbria  ris- 
ing like  the  arms  of  a  letter  V  from  this,  then  a  succession  of  steeps  and 
slopes,  culminating  above  in  a  series  of  lofty,  embattled  cliffs.  The 
caiLon  is  nearly  thirty  miles  in  length,  and  ranges  fh)m  one  to  two  thou- 
sand feet  in  depth.  It  seems  to  have  been  a  favorite  resort  of  the  cliff- 
building  people,  and  traces  of  their  industry  may  be  found  everywhere, 
along  the  bottoms,  in  the  cliffs,  and  on  the  high,  dry  table-lands  above. 

The  six  following  plates  will  be  taken  up  in  the  delineation  of  the 
more  interesting  portions  of  these  remains. 

PLATES  XXXm  AND  XXXIV. 

Figure  1,  Plate  XXXIII,  illustrates  the  method  of  walling  up  the 
cave-fronts  as  described  on  a  preceding  page.  This^sketch  was  made  at 
the  last-mentioned  locality  on  the  Eio  Mancos.  The  group  occurred  in 
the  cliff  about  thirty  feet  from  the  base.  The  three  door-ways  opened 
into  as  many  small  apartments,  and  these  were  connected  with  each 
other  by  very  small  passage-ways.  The  forther  door  could  not  be 
reached  from  the  outside,  as  the  platform  of  rock  had  broken  away. 
See  foreground  in  Plate  XXXII. 

Figure  2  gives  a  plan  of  the  double  tower  near  the  mouth  of  the  Man- 
cos  ;  it  has  already  been  described. 

The  ruin,  of  which  a  plan  is  given  in  Figure  3,  occurs  on  the  left  bank 
of  the  Mancos  about  eight  miles  above  the  foot  of  the  cafLon.  It  is  one 
of  the  best  preserved  specimens  of  the  ruined  towers,  and  seems  to  have 
been  built  with  much  skill.  (See  Plate  XXXIY.)  It  is  9  feet  in  diam- 
eter  on  the  inside  and  about  16  feet  high.  There  are  three  rectangular 
apartments  attached,  the  walls  of  which  are  almost  levelled  with  the 
ground.  In  the  side  of  the  tower  facing  the  river  is  a  window,  about  8 
feet  from  the  ground  and  2  feet  high  by  1^  wide.  I  had  been  previously 
led  to  the  conclusion  that  these  towers  were  in  all  cases  built  without 
windows  or  openings  of  any  kind  within  reach  of  the  ground  from  with- 
out, and  it  is  not  improbable  that  this  opening  did  not  communicate 
with  the  outside,  but  served  as  &  door- way  between  the  tower  and  one 
of  the  adjoining  apartments.  The  advantage  of  such  an  arrangement 
in  a  defensive  work,  such  as  we  may  suppose  this  to  have  been,  is  clearly 
apparent,  and  eviuces  not  a  little  intelligence  and  forethought  on  the 
part  of  the  builders.   Being  built  in  connection  with  dwellings  and  places 
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of  resort,  tliey  coald,  in  case  of  alarm,  be  reached  with  ease  tronu  withini 
but  be  altogether  secure  from  withoat. 

Figure  4.  The  large  circular  miui  of  which  a  gronud-plaii  is  given  in 
this  i>late,  was  also  visited  by  Mr.  Jackson,  photographs  were  made, 
and  a  brief  description  given :  but  I  deem  it  best  to  give  a  more  de- 
tailed description,  the  result  of  such  observations  and  measurements  as 
could  be  made  in  a  period  of  time  entirely  too  short  for  a  work  of  such 
importance. 

This  ruin  is  situated  on  a  narrow  strip  of  alluvial  bottom  about  mid- 
way in  the  canon  of  the  Mancos.  On  first  approaching  it,  one  does  not 
observe  that  it  differs  greatly  from  the  ordinary  fragmentary  structures 
below,  as  it  is  much  decayed  and  almost  hidden  by  artemisia  and  vines. 
Closer  inspection,  however,  develops  the  greater  part  of  the  outline,  and 
I  imagine  that  a  little  excavation  would  bring  all  the  foundations  to 
light.  The  inlier  wall  can  be  traced  throughout  the  entire  circle,  and  is 
in  places  6  or  8  feet  high.  A  portion  of  the  outer  wall,  at  the  point  far- 
thest from  the  river,  is  still  12  feet  in  height  and  in  a  fair  state  of  pres- 
ervation. The  space  between  the  walls  has  been  divided  into  cells,  as 
in  the  two  examples  given  in  Plate  XXXI.  Four  of  the  cross-walls  are 
still  a  number  of  feet  high,  while  others  can  be  traced  by  lines  of  dSbris. 
The  diameter  of  the  outer  wall  is  43  feet ;  that  of  the  inner,  25  feet. 
They  are  faced  up  with  larger  stones  than  usual  (the  heaviest  of  which, 
however,  could  be  lifted  with  ease  by  a  single  workman),  and  have  been 
filled  in  with  rubble,  adobe,  and  wood.  The  outside  courses  have  been 
dressed  to  the  curve,  and  the  implements  used,  judging  from  the  appear- 
ance of  the  picked  surfaces,  have  been  of  stone.  The  main  walls  are  21 
inches  in  thickness,  while  the  partition-walls  are  somewhat  lighter,  and 
seem  to  have  been  but  slightly  built  into  the  circular  walls. 

In  order  to  determine  the  probable  number  of  these  cells,  I  measured 
the  two  having  complete  walls,  and  found  the  inner  side  of  each  to  be 
8  feet.  As  these  were  both  on  one  side  of  the  circle,  I  had  but  to 
measure  the  remaining  space  to  complete  the  semicircle,  and  on  so  doing 
found  that  there  was  just  room  for  three  additional  cells  and  the  neces- 
sary partition- walls ;  two  of  these  were  still  traceable.  To  complete  the 
circle,  therefore,  ten  apartments  would  be  necessary.  Being  desirous 
of  confirming  this  conclusion,  I  took  the  diameter  of  the  inner  circle, 
as  given  in  my  notes,  and,  by  adding  twice  the  thickness  of  the  wall, 
obtained  a  circumference  of  80^  feet ;  just  sufiicient  space  to  accommo- 
date ten  apartments,  with  an  equal  number  of  x)artition-walls  a  fraction 
less  than  12  inches  in  thickness. 

By  adding  to  the  diameter  of  the  inner  circle  the  totnl  thickness  of 
the  walls,  pins  twice  the  distance  between  them,  I  obtained  a  diameter 
of  43  feet  for  the  outer  circle.  The  circuit  of  the  structure  is,  therefore, 
135  feet.  Although  these  figures  are  greater  than  those  previously  given 
(estimated),  I  am  confident  that  they  cannot  vary  greatly  from  the  truth. 

There  were  no  indications  of  windows  or  doors  in  the  fragment  of 
outer  wall,  but  two  nearly  rectangular  openings  in  the  inner  wall  seem 
to  have  served  as  door- ways  between  the  central  enclosure  and  the  cells. 
\\^e  may  suppose  that  each  cell  had  similar  means  of  communication  with 
the  interior.  The  one  door-way  that  remains  entire  is  6  feet  from  the 
ground,  and  measures  2  feet  in  width  by  3  in  height.  The  stone-work 
of  the  facing  is  very  neat  and  exact,  and  the  lintel  is  of  a  single  slab 
of  sandstone.  It  may  be  fairly  presumed  that  the  outer  wall  had  no 
door-ways  or  windows  within  reach  of  the  ground,  and  that  entrance 
was  obtained,  by  means  of  ladders,  through  high  windows  or  by  way  of 
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the  roof.  The  central  enclosure  has  doubtless  served  as  an  estv/a^  and 
there  are  still  evidences  of  a  considerable  depression. 

That  this  ruin  is  quite  ancient  is  attested  by  the  advanced  stage  of 
decay,  and  that  it  bas  been  of  considerable  height  may  be  inferred  from 
the  large  quantities  of  debris*  A  similar  and  somewhat  more  perfect 
example  of  double- walled  tower  is  illustrated  in  Plate  XXXIX. 

There  seem  to  have  been  no  buildings  of  importance  in  connection 
with  this  ruin,  but  many  in  the  vicinity.  On  the  point  of  a  low  rocky 
promontory  that  extends  down  from  the  mesa  on  the  west  to  within  a 
few  yards  of  the  circular  ruin  are  some  masses  of  decaying  wall,  and  a 
large  circular  depression,  not  differing  in  appearance  from  the  usual 
estufa. 

It  is  probable  that  there  are  other  remains  higher  up  on  the  rocky 
slope ;  indeed,  others  could  be  seen  from  the  trail,  but  I  found  no  time 
to  visit  them. 

A  few  hundred  yards  below  the  great  tower,  and  very  near  the  trail, 
a  smaller  tower  occurs,  having  other  ruins  connected  with  it,  and  in  a 
weather-worn  cavity  in  a  massive  crag  near  by  is  the  cosy  little  dwell- 
ing shown  in  Figure  5. 

The  rude  little  fire-place  illustrated  in  Figure  6  was  observed  by  Mr. 
Brandegee  in  connection  with  a  cliff-house  on  the  opposite  side  of  the 
canon,  a  little  farther  up.  It  is  remarkable  as  being  the  only  example 
discovered  by  our  party.  There  seem  to  be  no  traces  whatever  of  fire- 
places, ovens,  furnaces,  or  chimneys  in  or  about  any  of  the  ruins 
described,  which  is  rather  remarkable,  since  fires  must  have  been  used 
in  baking  pottery  and  for  domestic  purposes,  and  we  cannot  suppose 
that  a  people  so  well  advanced  in  architectural  skill  were  unable  to 
build  fire-places  and  furnaces. 

PLATE  XXXV.— CLIFF-HOUSES  OF  THE  MANGOS. 

This  plate  illustrates  one  of  the  more  interesting  groups  of  cliff-houses, 
or  fortresses  of  the  Kio  Mancos.  It  occurs  about  ten  miles  from  the 
foot  of  the  cailon  in  a  subordinate  cliff  on  the  west  side.  This  low  cliff 
is  of  massive  sandstone,  and  is  washed  by  the  river,  the  trail  being 
crowded  back  against  the  steep  wall.  At  the  height  of  about  40  feet 
above  the  river,  a  bed  of  shale  occurs  in  the  sandstone,  which,  being 
easily  disintegrated,  has  been  weathered  out  and  carried  away,  leaving 
a  sort  of  horizontal  groove  some  4  feet  high  and  from  4  to  6  feet  deep. 
In  this  a  row  of  diminutive  houses  has  been  built.  Three  of  these  are 
almost  perfect,  having  a  fresh  new  look  that  certainly  belies  their  age. 
Four  others  are  much  more  decayed,  and  fragments  of  wall  only  cling 
to  the  cliffs.  They  have  been  made  to  occupy  the  full  height  and  depth 
of  the  crevice,  so  that  when  one  reaches  it  at  the  only  accessible  point, 
he  is  between  two  houses  and  must  pass  through  these  to  get  at  the 
others.  The  door-ways  are  quite  small  and  bear  no  evidence  of  the  fit- 
ting or  hanging  of  doors;  and  the  windows,  of  which  a  number  open  to 
the  front,  are  but  a  few  inches  square. 

The  walls  are  strongly  built  and  are  from  eight  to  ten  inches  thick. 
The  stones  are  small,  dressed  roughly  on  the  outside,  and  laid  in  mortar. 

In  many  places  the  heavier  seams  of  mortar  have  been  chinked  with 
bits  of  pottery  and  small  flakes  of  sandstone.  The  marks  of  the  masons' 
pick  are  as  fresh  as  if  made  within  a  few  years,  and  the  fine,  hard  mud- 
mortar  which  has  been  applied  with  the  bare  hands,  still  retains  impres- 
sions of  the  minute  markings  of  the  cuticle  of  the  fingers. 

The  house  at  the  left  hand  in  the  drawing  has  two  apartments,  the 
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fartbcat  of  which  has  a  curved  wall  conforming  with  the  rounded  end 
of  the  crevice  lioor,  which,  beyond  this  tor  some  distancey  is  broken 
down. 

Specimens  of  the  mortar  and  of  the  dressed  stone  were  procured  from 
this  house  and  broufj^ht  East,  lielow  the  nnddle  part  of  this  line  of 
houses,  on  an  irregular  projection,  are  the  remains  of  a  number  of  walls, 
in  such  a  state  of  ruin,  however,  that  the  character  of  the  original 
structure  could  not  be  made  out.  In  di<;ging  among  the  debris  of  this 
ruin,  I  cauie  upon  a  bin  of  charred  corn,  in  which  the  forms  of  the  ears 
were  quite  X)eri'ect.  This  corn  seems  to  be  of  a  vaiiety  similar  to  that  cal^ 
tivated  by  the  tribes  of  the  neighborhood  at  the  present  time. 

Tliat  this  corn  had  been  placed  there  by  the  ancient  occupants  seems 
probable  from  the  fact  that  it  occupied  a  sort  of  basement  apartment  or 
cellar,  and  had  been  buried  beneath  the  fallen  walls  of  the  superstnio- 
tures.  Embedded  in  this  mass  of  charcoal,  I  found  the  very  perfeet 
specimen  of  stone  implement  figured  in  Plate  XLVI  (Figure  3).  Many 
large  fragments  of  the  ordinary  £)ainted  pottery  were  also  picked  up 
Iiei'e.  A  certain  new  look  about  portions  of  this  group  leads  one  to  ras- 
pect  that  it  cannot  boiist  of  great  antiquity;  but  it  is  very  difficult  to 
calculate  theetlectsof  age  ui)on  walls  so  perfectly  protected  and  in  such 
a  climate. 

PLATE  XXXVL 

The  gi*oup  given  in  this  plate  is  of  a  very  interesting  and  romarkable 
character.  It  was  first  observed  from  the  trail  far  below  and  ftally 
one-fourth  of  a  mile  away.  From  this  iK)int,  by  the  aid  of  a  fleld- 
glass,  the  sketch  given  in  the  plate  was  made.  So  oleFcrly  are  tke 
houses  hidden  away  in  the  dark  recesses,  and  so  very  like  the  siirroiHid- 
jng  dill's  in  color,  that  I  had  almost  completed  the  sketch  of  the  upper 
house  before  the  lower  or  ^^  sixteen- windowed  "  one  was  detected.  They 
are  at  least  eight  hundred  feet  above  the  river.  The  lower  Ave  hundred 
feet  is  of  rough  cliiFbroken  slope,  the  remainder  of  massive  bedded 
sandstone  full  of  wind-worn  niches,  crevices,  and  caves.  Within  one 
hundred  feet  of  the  clifl'-top,  set  deep  in  a  great  niche,  with  arched^  over- 
hanging roof,  is  the  n])per  house,  its  front  wall  built  along  the  veiy 
brink  of  a  sheer  precipice.  Thirty  feet  below,  in  a  similar  bnt  less 
remarkable  niche,  is  the  larger  house,  with  its  long  line  of  apertmeSi 
which  I  afterward  found  to  be  openings  intended  rather  for  the  inser 
tion  of  beams  than  for  windows. 

PLATE  XXXVII. 

I  subsequently  climbed  the  canon- walls  to  make  a  closer  examination 
of  these  ruins,  and  the  plans  given  in  Plate  XXXVII  were  obtained. 

The  lower  house  was  easily  accessible,  and  proved  to  be  of  a  yeiy 
interesting  character.  It  occupies  the  entire  floor  of  a  niche  which  is 
about  GO  feet  long  and  15  in  depth  at  the  deepest  part.  The  front  walls 
are  built  flush  with  the  precipice,  and  the  partition-walls  extend  back 
to  the  irregular  wall  of  rock  behind.  Portions  of  the  wall  at  the  left, 
viewing  the  house  from  the  front,  are  greatlj'  reduced ;  but  the  main 
wall,  that  part  which  contains  the  window-like  openings,  is  still  13  or 
14  feet  high. 

The  arrangement  of  the  apartments  is  quite  complicated  and  cnrions, 
and  will  be  more  readily  understood  by  a  reference  to  the  gronnd-plan 
(Figure  1 ).  The  precipice-line,  or  front  edge  of  the  niche-floor,  extends 
from  a  to  h.    From  this  the  broken  dill's  and  slopes  reach  clown  to  the 
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trail  aDd  river,  as  shown  in  the  accompanying  profile  (Figure  3).  The 
line  bod  represents  the  deepest  part  of  the  recess,  against  which  the 
walls  are  built.  To  the  right  of  ft,  the  shelf  ceases,  and  the  vertical  face 
of  rock  is  anbroken.  At  the  left,  beyond  a,  the  edge  is  not  so  abrupt, 
and  the  cliffs  below  are  so  broken  that  one  can  ascend  with  ease. 
Above,  the  roof  comes  forward  and  curves  upward,  as  seen  in  the  profile. 

The  most  striking  feature  of  this  structure  is  the  round  room^  which 
occurs  about  the  middle  of  the  ruin  and  inside  of  a  large  rectangular 
apartment. 

The  occurrence  of  this  circular  chamber  in  this  place  is  highly  signifi- 
cant, and  tends  greatly  to  confirm  my  previously -stated  opinion  that  the 
circle  had  a  high  significance  with  these  people.  Their  superstitions 
seem  to  have  been  so  exacting  in  this  matter  that,  even  when  driven 
to  the  extremity  of  building  and  dwelling  in  the  midst  of  these  desolate 
cliffs,  an  inclosure  of  this  form  could  not  be  dispensed  with;  a  circular 
estufa  had  to  be  constructed  at  whatever  cost  of  labor  and  convenience. 

Its  walls  are  not  high  and  not  entirely  regular,  and  the  inside  is 
curiously  fashioned  with  ofisets  and  box-like  projections.  It  is  plas- 
tered smoothly,  and  bears  considerable  evidence  of  having  been  used, 
although  I  observed  no  traces  of  fire.  The  entrance  to  this  chamber  is 
rather  extraordinary,  and  further  attests  the  peculiar  importance  at- 
tached to  it  by  the  builders,  and  their  evident  desire  to  secure  it  from  all 
possibility  of  intrusion.  A  walled  and  covered  passage-way,/,/,  of  solid 
masonry,  10  feet  of  which  is  still  intact,  leads  from  an  outer  chamber 
through  the  small  intervening  apartments  into  the  circular  one.  It  is 
possible  that  this  originally  extended  to  the  outer  wall,  and  was  entered 
from  the  outside.  If  so,  the  person  desiring  to  visit  the  eatafa  would 
have  to  enter  an  aperture  about  twenty-two  inches  high  by  thirty  wide, 
and  crawl,  in  the  most  abject  manner  possible,  through  a  tube-like  pas- 
sage-way nearly  twenty  feet  in  length.  My  first  impression  was  that 
this  peculiarly-constructed  door-way  was  a  precaution  against  enemies, 
and  that  it  was  probably  the  only  means  of  entrance  to  the  interior  of 
the  house ;  but  I  am  now  inclined  to  think  this  hardly  probable,  and 
oonclnde  that  it  was  rather  designed  to  render  a  sacred  chamber  as  free 
as  possible  from  profane  intrusion.  The  apartments  {,  h,  m,  n  do  not 
require  any  especial  description,  as  they  are  quite  plain  and  almost  empty. 
The  partition-walls  have  never  been  built  up  to  the  ceiling  of  the  niche, 
and  the  inmates,  in  passing  from  one  apartment  to  another,  have 
climbed  over.  The  row  of  apertures  indicated  in  the  main  front  wall 
are  about  five  feet  ft-om  the  floor,  and  were  doubtless  intended  for  the 
insertion  of  beams,  although  there  is  no  evidence  that  a  second  floor 
has  at  any  time  existed.  In  that  part  of  the  ruin  about  the  covered 
passage-way,  the  walls  are  complicated,  and  the  plan  can  hardly  be 
made  out,  while  the  curved  wall  enclosing  the  apartment  e  is  totally 
overthrown. 

In  digging  among  the  dSbris  with  our  hammers,  we  came  upon  a  large 
earthen  vessel  at  h,  and  shortly  afterward  discovered  another  near  L 
They  were  so  situated  in  a  small  recess  under  the  sheltering  walls  that 
the  falling  rubbish  had  not  reached  them.  Boughly-hewn  stone  lids 
were  fitted  carefully  over  the  tops,  but  both  were  empty.  One  had  been 
slightly  broken  about  the  rim,  while  the  other  had  been  pierced  on  the 
under  side  by  some  sharp  instrument,  and  had  been  mended  by  laying 
a  small  fragment  of  pottery  over  the  aperture  on  the  inside  and  cement- 
ing it  down  with  clay.  They  are  of  the  ordinary  corrugated  pottery, 
and  have  a  capacity  of  about  three  gallons. 

Beneath  the  vessels,  spread  out  on  the  floor,  was  a  liEirge  piece  of  rnslir 
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mattiDg,  and  beneath  tbis  a  qaantity  of  fine  vegetable  tissae  from  the 
interior  bark  of  some  kind  of  tree.  The  vessels  are  illustrated  in  Plate 
XLIV,  and  the  matting  in  Plate  XLVI. 

The  rock-face  between  this  ruin  and  the  one  above  is  smooth  and  ver- 
tical, but  by  passing  along  the  ledge  a  few  yards  to  the  left  a  sloping 
face  was  found,  up  which  a  stairway  of  small  niches  had  been  cut ;  by 
means  of  these,  an  active  person,  unencumbered,  can  ascend  with 
safety.  On  reaching  the  top,  one  fl^ds  himself  in  the  very  doorway  of 
the  upper  house  (a.  Figure  2)  without  standing  room  outside  of  the  wall, 
and  one  can  imagine  that  an  enemy  would  stand  but  little  chanceof 
reaching  and  entering  such  a  fortress  if  defended,  even  by  women  and 
children  alone.  The  position  of  this  ruin  is  one  of  unparalleled  security, 
both  from  enemies  and  from  the  elements.  The  almost  vertical  cliff 
descends  abruptly  from  the  front  wall,  and  the  immense  arched  roof  of 
solid  stone  projects  forward  15  or  20  feet  beyond  the  house  (see  section, 
Figure  3).  At  the  right  the  ledge  ceases,  and  at  the  left  stops  short 
against  a  massive  vertical  wall.  The  niche-stairway  affords  the  only 
possible  means  of  approach. 

The  house  occupies  the  entire  floor  of  the  niche,  which  is  about  120 
feet  long  by  10  in  depth  at  the  deepest  part.  The  front  wall  to  the 
right  and  left  of  the  door-way  is  quite  low,  portions  having  doubtless 
fallen  off.  The  higber  wall,/^,  is  about  30  feet  long,  and  from  10  to  12 
feet  high,  while  a  very  low  rude  wall  extends  along  the  more  inaccessi- 
ble part  of  the  ledge,  and  terminates  at  the  extreme  right  in  a  small 
enclosure,  as  seen  in  the  plan  at  c. 

In  the  first  apartment  entered,  there  were  evidences  of  fire,  the  walls 
and  ceiling  being  blackened  with  smoke.  In  the  second,  a  member  of 
the  party,  by  digging  in  the  rubbish,  obtained  a  quantity  of  beans,  and 
in  tbe  third  a  number  of  grains  of  com,  hence  the  names  given.  There 
are  two  small  windows  in  the  front  wall,  and  door-ways  communicate 
between  rooms  separated  by  high  partitions. 

The  walls  of  these  houses  are  built  in  tbe  usual  manner,  and  average 
about  a  foot  in  thickness. 

The  upper  house  seems  to  be  in  a  rather  unfinished  state,  looking  as 
if  stone  and  mortar  had  run  short.  When  one  considers  tbat  these 
materials  must  have  been  brought  from  far  below  by  means  of  ropes,  or 
carried  in  small  quantities  up  the  dangerous  stairway,  tbe  only  wonder 
is  that  it  was  ever  brought  to  its  present  degree  of  iiuish. 

Figure  3  is  given  for  the  purpose  of  making  clear  the  geologic  condi- 
tions tbat  give  shape  to  the  cliffs  as  well  as  to  show  the  relations  of  these 
houses  to  the  cliffs.  The  hard  and  massive  beds  of  rock  resist  the 
erosive  agents  ;  the  soft  and  friable  beds  yield,  hence  the  irregularity — 
the  overhanging  cliffs,  the  niches,  and  benches,  a  is  a  section  of  the 
lower  house,  b  of  the  upper. 

It  has  heretofore  been  supposed  that  the  occupants  of  these  houses 
bbtaiped  water  either  from  the  river  below  or  from  springs  on  the 
mesa  above ;  but  the  immense  labor  of  carrying  water  up  these  cliffs,  as 
well  as  the  impossibility  of  securing  a  supply  in  case  of  a  siege,  made  me 
suspect  tbe  existence  of  springs  in  the  cliffs  themselves.  In  three  or 
four  cases  these  springs  have  been  found,  and  it  is  evident  that  with  a 
climate  a  very  little  more  moist  than  the  present,  a  plentiful  supply 
could  be  expected.  Kunning  water  was  found  within  a  few  yards  of  the 
group  of  houses  just  described,  and  Mr.  Brandegee  observed  water 
dripping  down  the  cliffs  near  a  group  of  small  bouses  on  tbe  opposite 
side  of  the  caiion. 

About  one  mile  farther  up  tbe  caiion,  I  came  upon  the  ruin  photo- 
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graphed  by  Mr.  Jackson  in  187 4,  and  minntely  described  by  him  as  the 
two-story  cliff-honse  of  the  Bio  MaDCOs.  It  is  also  in  the  cliffs  of  the 
north  side,  abont  700  feet  above  the  river,  and  although  not  so  large  or 
complicated  in  design  as  the  house  jast  described,  it  shows  higher  skill 
in  coDStruction  and  is  in  a  better  state  of  preservation.  It  is  also  ex- 
ceedingly difficult  of  access.  It  seems  hardly  necessary  for  me  to  enter 
into  a  detailed  description,  as  little  can  be  added  to  what  has  already 
been  published ;  *  but  for  the  purpose  of  having  as  much  of  the  matter  to- 
gether as  possible  I  present  Plate  XXXVIII,  illustrating  some  of  the 
interesting  features  of  this  house. 

Figure  1  gives  the  ground-plan,  and  shows  the  position  of  the  house 
in  relation  to  the  floor  of  the  niche.  There  are  four  small  apartments 
only ;  the  irout  one,  a,  being  10  feet  long  by  6  wide.  Of  the  back 
rooms,  one  is  9  by  10  and  the  other  6  by  6  feet,  while  the  apartment  with 
the  curved  wall  is  much  smaller.  The  walls  are  about  twelve  feet  high 
and  reach  within  from  2  to  3  feet  of  the  overhanging  roof.  They  are 
built  in  the  ordinary  manner  of  stone  and  adobe  mortar,  and  what  is 
rather  remarkable  are  plastered  both  inside  and  out.  This  plaster  does 
not  differ  greatly  from  the  common  mortar,  is  lightly  spread  over  the 
walls,  probably  with  the  hands,  and  in  color  imitates  very  closely  the 
hues  of  the  si^rroundlDg  cliffs,  a  pleasing  variety  of  red  and  yellow  grays. 
Whether  this  was  intended  to  add  to  the  beauty  of  the  dwelling  or  to 
add  to  its  security  by  increasing  its  resemblance  to  the  surrounding 
cUfSsj  I  shall  not  attempt  to  determine. 

Another  remarkable  feature  of  this  house  is  the  consummate  skill  with 
which  the  foundations  are  laid  upon  and  cemented  to  the  sloping  and 
overhanging  faces  of  the  ledge.  The  buttresses  6,  bj  which  have  prob- 
ably at  one  time  supported  a  superstructure  of  wood  or  stone,  now 
totally  obliterated,  are  most  striking  illustrations  of  this ;  and  just  here 
is  a  fact  that  has  an  interesting  bearing  upon  the  question  of  the  an- 
tiquity of  this  structure.  These  wall  supports  or  buttresses  have 
originally  been  four  in  number,  one  evidently  having  fallen  off,  and  are 
built  in  continuation  of  the  front  wall,  on  a  smooth  sloping  surface  of 
rock.  Now,  the  sandstone  of  which  this  rounded  slope  is  composed  is 
rather  coarse  and  soft,  and  hence  easily  disintegrated.  It  is  here  also 
not  greatly  protected  from  the  weather,  since  the  cliffs  above  do  not 
overhang  to  any  extent,  and  must,  year  by  year,  yield  a  little  to  the 
elements ;  but  I  observe  that  since  the  construction  of  these  foundations 
no  perceptible  change  has  taken  place;  the  thickness  of  a  sheet  of 
paper  has  hardly  been  washed  from  the  surface  of  the  rock,  and  the 
mortar,  which  is  of  almost  equal  firmness  with  the  rock,  lies  upon  it  as 
if  placed  there  within  a  dozen  years,  and  the  appearance  of  the  plaster 
on  the  outer  wall,  although  somewhat  cracked  and  broken  off',  does  not 
add  greatly  to  our  impressions  of  their  antiquity. 

There  is  also  a  fact  worthy  of  notice  in  regard  to  the  question  of  occu- 
pancy. I  have  already  stated  my  impression  that  these  houses  were  not 
used  as  constant  dwelling-places,  but  rather  as  places  of  occasional 
resort.  I  notice  that,  although  the  building  seems  complete  and  has 
had  its  floors  laidand  its  door-ways  and  windows  conveniently  and  care- 
fully arranged,  the  plastering  of  the  interior  is  almost  untouched,  that 
with  the  exception  of  three  names  scratched  in  the  soft,  thick  coat  of 
adobe  by  Mr.  Jackson's  party,  there  is  almost  no  trace  oi  the  presence 
of  man ;  yet  this  piaster  may  have  been  applied  only  shortly  before  the 
final  desertion,  and  hence  no  definite  conclusion  can  be  drawn. 

*  Balletin  No.  1,  second  series,  p.  20. 
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A  sketch  of  one  of  tbe  door- ways  is  given  in  Figare  2.  The  oatlineis 
Rfrcui-ately  drawn,  but  there  is  a  little  too  mnch  regularity  in  tbe  stone- 
Avork.  It  will  be  seen  that  the  aperture  is  of  very  nearly  the  same 
width  above  and  below,  which  is  rather  annsual,  sinoe,  in  Uieae  ruins, 
as  well  as  in  those  farther  south,  the  door-ways  and  windows  are,  as  a 
rule,  narrower  at  the  top.  This  drawing  also  shows  the  manner  of  em- 
ploying a  number  of  small  straight  beams  of  wood  as  lintels,  for  the 
purpose,  evidently,  of  strengthening  the  masonry  above. 

There  are  two  of  these  exterior  door-ways  only,  one  opening  into  each 
story  of  the  front  room  from  the  unoccupied  part  of  the  niche;  these 
are  shown  in  Figure  3,  a  sketch  of  the  interior  of  the  front  room 
taken  from  the  side  /.  There  is  only  a  low  wall  between  this  room  ajad 
the  room  c,  while  small  door-ways  communicate  with  the  other  apart- 
ments. There  is  a  small  rectangular  window,  22  inches  high  by  30  wide, 
ill  the  front  wall,  from  which  a  tine  view  can  be  had  of  the  deep  narrow 
valley  below. 

Figure  4  is  designed  to  show  the  extraonlinary  situation  of  these 
houscfs.  Whether  viewed  from  below  or  from  the  heights  above,  the 
ettef;t  is  almost  startling,  and  one  cannot  but  feel  that  no  ordinary  ci^ 
cumstanoes  could  have  driven  a  people  to  such  places  of  resort. 

There  are  no  ruins  of  im[)ortance  in  the  canon  of  the  j^fancos  above 
the  two-story  house.  Indistinct  remains  occur  on  the  bottoms  in  a 
Tiumber  of  places,  and  a  few  small  houses  were  observed  in  the  cliffs. 
The  most  interesting  of  these  is  built  ufKin  a  ledge  about  40  feet  above 
the  trail,  and  is  nearly  midway  between  the  two-story  house  and  the 
head  of  the  caiion.  It  does  not  differ  in  any  essential  point  from  the 
ruins  already  described.  I  shall  therefore  pass  it  by,  in  order  to  take 
up  two  very  interesting  groups  of  ruins  that  occur  about  20  miles  to 
the  northwest. 

Between  the  Mesa  Verde  and  the  Late  Mountains,  of  which  Ute  Peak 
is  the  eulminatin;;  sununit,  there  is  a  long,  deej)  valley  or  strip  of  low- 
land that  connects  the  great  lowland  of  the  Lower  Mancos  w^ith  the 
enunnciit  plain  tliat  rises  toward  the  Dolores.  The  southern  end  of  this 
(h'pressed  strip  drains  into  the  Mancos,  the  northern  into  the  McElmo. 
The  latter  stream  heads  along  the  north  base  of  the  Mesa  Verde  within 
live  miles  of  the  Mancos  at  the  point  were  it  enters  the  caiion,  and 
Hows  westward,  passing  along  the  north  base  of  Ute  Mountain,  curv- 
ing around  to  the  southwest  and  reaching  the  San  Juan  nearly  10  miles 
beyond  the  Utah  line.  The  large  <lepressed  area  drained  by  this  stream 
<-ontaiiiH  a  great  number  of  ruins,  many  of  which  have  not  yet  been 
examined. 

PJ.ATE   XXXrX.— THE  TRIPLE-WALLED   TOWER. 

The  group  partially  illustrated  in  this  plate  is  situated  on  a  low  bench 
within  a  mile  of  the  main  McKlmo,  and  near  a  dry  wash  that  enters 
that  stream  from  the  south.     It  seems  to  have  been  a  compact  village 
or  eommunity-dwellinf?,  consisting  of  two  circular  buildings  and  a  great 
number  of  rectangular  apartments.    The  circular  structures  or  towers 
have  b(»en  built,  in  the  usual  manner,  of  roughly-hewn  stone,  and  ranl^ 
among  the  very  best  specimens  of  this  ancient  architecture.    The  grea-^ 
tower  is  espt^cially  notic^eable  on  account  of  the  occurrence  of  a  third- 
wall,  as  seen  in  the  drawing  and  in  the  plan  at  a.    In  dimeusions  it  i^ 
almost  identical  with  the  groat  tower  of  the  llio  Mancos.    The  wall^ 
are  traceable  nearly  all  the  way  round,  and  the  space  between  the  twc^ 
outer  ones,  which  is  about  5  feet  in  width,  contains  fourteen  apart^ 
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nients  or  cells.  The  walls  about  one  of  these  cells  are  still  standing  to 
the  height  of  12  feet^  but  the  interior  cannot  be  examined  on  account 
of  the  rubbish  which  fills  it  to  the  top.  No  openings  are  noticeable  in 
the  circular  walls,  but  door-ways  seem  to  have  been  made  to  communi- 
cate between  the  apartments ;  one  is  preserved  at  d. 

The  inner  wall  has  not  been  as  high  or  strong  as  the  others,  and  has 
served  simply  to  enclose  the  estufa.  This  tower  stands  back  about  one 
hundred  feet  from  the  edge  of  the  mesa  and  near  the  border  of  the 
village.  The  smaller  tower,  bj  stands  forward  on  a  point  that  overlooks 
the  shallow  gulch ;  it  is  15  feet  in  diameter ;  the  wails  are  3^  feet  thick 
and  5  feet  high  on  the  outside.  Beneath  this  ruin,  in  a  little  side  gulch, 
are  the  remains  of  a  w^all  12  feet  high  and  20  inches  thick.  The  re- 
mainder of  the  village  is  in  such  a  state  of  decay  as  to  be  hardly 
traceable  among  the  artemisia  and  rubbish.  The  apartments  number 
nearly  a  hundred,  and  seem,  generally,  to  have  been  rectangular.  They 
are  not|  however,  of  uniform  size,  and  certainly  not  arranged  in  regular 
order.  The  walls  are  marked  by  low  lines  of  loose  rubble  which  show 
no  stone  in  place,  and  I  am  inclined  to  believe  that  they  have  never 
been  raised  to  any  great  height.  It  is  not  impossible  that  they  have 
been,  originally,  of  a  species  of  rubble-masonry  such  as  is  seen  in  some 
of  the  great  casas  farther  south,  and  that  these  meagre  remains  are  all 
that  is  left  of  an  imposing  structure,  but  tlie  total  want  of  regularity 
both  in  the  form  and  size  of  the  apartments  seems  inconsistent  with 
such  a  conclusion.  In  reality  they  are  more  like  a  cluster  of  pens  such 
as  are  used  by  the  Moqui  tribes  for  the  keeping  of  sheep  and  goats. 
The  site  of  this  village  can  hardly  have  been  chosen  on  account  of  its 
defensive  advantages,  nor  on  account  of  the  fertility  of  the  surrounding 
country.  The  neighboring  plains  and  mesas  are  as  naked  and  barren 
as  possible.  The  nearest  water  is  a  mile  away,  and  during  the  drier 
part  of  the  season  the  nearest  running  water  is  in  the  Bio  Dolores, 
nearly  tifteen  miles  away.  To  suppose  an  agricultnral  i>eople  existing 
in  such  a  locality,  with  the  present  climate,  is  manifestly  absurd.  Yet 
every  isolated  rock  and  bit  of  mesa  within  a  circle  of  miles  is  strewn 
with  remnants  of  human  dwellings. 

PLATE  XL. — BUINS  AT   "AZTEO  SPBINGS.'' 

Another  very  important  group  of  ruins  is  located  in  the  depression 
between  the  Mesa  Verde  and  the  Late  Mountains,  and  near  t]ie  divide 
between  the  McElmo  and  Lower  Manc/os  drainage.  It  is  stated  by 
Captain  Moss  and  others  who  have  been  in  this  locality  that  up  to 
within  two  or  three  years  there  hkxs  been  a  living-spring  at  this  place, 
and  the  spot  has  been  christened  by  them  Aztec  Springs. 

The  site  of  the  spring  I  found,  but  without  the  least  appearance  of 
water.  The  depression  formerly  occupied  by  it  is  near  the  centre  of  a 
large  mass  of  ruins,  similar  to  the  group  last  described,  but  having  a 
rectangular  instead  of  a  circular  building  as  the  chief  and  central  struct- 
ure.  This  I  have  called  the  upper  house  in  the  plate,  and  a  large  walled 
enclosure  a  little  lower  on  the  slox>e  I  have,  for  the  sake  of  distinctioUi 
called  the  lower  house. 

These  ruins  form  the  most  imposing  pile  of  masonry  yet  found  in  Col- 
orado. The  whole  group  covers  au  area  of  about  480,000  square  feet, 
and  has  an  average  depth  of  from  3  to  4  feet.  This  would  give  in  the 
vicinity  of  1,600,000  solid  feet  of  stone-work.  The  stone  used  is  chiefly 
of  the  fossiliferous  limestone  that  outcrops  along  the  base  of  the  Mesa 
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Verfl«  a  mile  or  more  away,  aod  its  transjwrtation  to  this  place  has 
donbtle.s.-?  tieeD  a  great  wurk  for  a  i>ef»ple  k»  totally  withont  facilities. 

The  Qpper  faoa-se  is  reotarij^alar,  meik«are.s  ^u  by  VM)  feet,  and  is  bailt 
with  the  cardinal  points  to  within  live  de^ret*??.  The  pile  is  from  12  to 
J.>  feet  in  heiirh*.  and  its  mas>ivenesi?  sugg^^rs  an  original  height  at 
lea."5t  twirre  as  grei*r.  The  plan  i>  somewhat  difficult  to  make  oat  on  ac- 
count of  the  very  grea*:  quantity  of  debris. 

The  walls  s^-em  to  have  lieen  double,  with  a  space  of  7  feet  between; 
;*  namljer  of  cros.vwalls  at  regular  intervals  indicate  that  this  space  has 
Ijef^n  divideil  into  apaitments.  as  seen  m  the  plan. 

The  walls  are  L'»i  inches  thicrk.  and  are  built  of  roujrhly-dressed  stones, 
which  were  probably  laid  In  mortar,  a^  in  other  cases. 

The  enclosed  space,  which  is  s^jmewhar  depressed,  has  two  lines  of 
debris^  probably  the  remains  of  partition-walls,  separating  it  into  the 
three  apartments,  a,  b.  c.  Enclosing  this  great  house  is  a  net-work  of 
lallen  walls,  so  crmipletely  reduced  that  none  of  the  stones  seem  to 
remain  in  place;  and  I  am  at  a  loss  to  determine  whether  they  mark 
the  site  of  a  clu>ter  of  irregular  apartments,  having  low,  loosely-built 
walls,  or  whether  they  are  the  remains  of  s<ime  imposing  adobe  struct- 
ure built  after  the  manner  of  the  ruined  pueblos  of  the  Kio  Chaco. 

Two  well-defined  circular  enclosures  ur  taUifaa  are  situated  in  the 
midst  of  the  southern  wing  of  the  ruin.  The  upper  one,  -1,  is  on  the 
opposite  siile  of  the  spring  from  the  great  house,  is  60  feet  in  diameter, 
and  is  surrounded  by  a  low  stone  wall.  West  of  the  house  is  a  small 
open  court,  which  seems  to  have  had  a  gate  way  opening  out  to  the 
wi'St.  through  the  surrounding  walls. 

The  lower  house  is  liiKi  fe»*t  in  length  by  ISO  in  width,  and  its  walls 
vary  fifteen  degree's  from  the  cardinal  i>oiuts.  The  northern  wall,  a.  is 
double,  and  contains  a  row  of  eight  apartments  about  7  feet  in  width 
by  2t  in  h*n^'th.  Th«'  walls  of  the  other  sides  are  low,  and  seem  to  have 
M'rvi'd  >irfiply  to  enclose  the  gieat  court,  near  the  centre  of  which  is  a 
iargi*  walh-d  depn*s>ion  Itstufn  ]i).  No  other  ruins  were  observed  iu 
tin*  n<-i;:libi)rijooil  of  thoe,  although  small  groups  are  said  to  exist 
along  thr  lia«««*  uf  tij**  Lat<'  Mountains,  a  few  mlU'S  to  the  southwest. 

The  dry,  .^loping  plain  In-tween  the  Mesa  Verde  anil  the  l*io  Dolores 
seeniM  also  to  have  b«*<'n  a  favorite  resort  of  the  town-building  tribes. 
NuujiTOMs  ruins  uccwv  along  tin*  bruders  of  the  cjMlons  that  drain  iuto 
the  Mrl'^hno,  an<l  es[>ecially  n«*ar  the  heads  of  these  canons  where 
sprinjrs  usually  occur. 

At  the  :,rHith  b«*nd  of  th<*  Dolores  then*  are  a  great  number  of  ruins, 
many  of  which  compare  favorably  with  the  lowland  ruins  farther  south. 
Dr.  Xrwb«'rry  i»asse<l  thiough  this  region  in  LS.VJ,  and  his  report*  gives 
a  brief  d^.'scription  of  a  W'W  of  these  remains. 

I  niad(r  a  hasty  examination  of  such  of  the  groups  as  I  had  an  oppor- 
tunity to  visit,  but  had  no  time  to  make  plans.  Other  ruins,  including 
the  remains  of  a  large  circular  enclosure,  occur  on  the  river-bottom 
about  two  miles  below  the  bend.  I  also  noticed  tho  small  clifi* houses 
mentioned  by  Dr.  Newberry,  but  did  not  visit  them.     West  of  the  Do- 

•  Miiooriili*n  <'xp<'(litioii  to  \hv  jiiiir'lion  i»f  tbr  Gnind  mid  Gr»'en  rivers,  \V;u*binglon, 
1870.  Dr.  Nj^wImm TV  hjivb:  "  Tin*  hiU  from  >%  Iiich  I  obtained  tbis  view  is  crowned  with 
an  f.xt  4-1 1  hive  hr-rins  of  very  iinfi<*nt  niins.  Tli«  principal  one  is  A  pueblo,  nearly  100 
f«;e.t  H  piare,  onro  Hnlistantially  built  of  dresHed  htone,  now  a  shapeless  heap,  iu  which 
tbft  plan  of  Ww.  ori;;inal  structure  can,  however,  be  traced.  Like  most  of  tho  mined 
)iueblnH  of  Nf.-w  Mcxieo,  it  consisted  of  a  series  of  small  rcMUUS  clastored  together 
like  c^'IIh  in  a  Iwe-bive,  Near  tbr  princiytal  edifice  are  mounds  of  stoue,  representing 
Hubordinate  buildin^^s.  Among  these  are  numerous  large  depressions  marking  the 
places  of  cibterns  or  tHtufaa." 
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lores  our  psirty  was  compelled  to  make  very  rapid  marches,  and  I  foand 
it  impossible  to  turp  ont  of  the  trail  long  enoogh  to  make  a  satisfactory 
stady  of  the  ruins  that  occur  by  the  way. 

At  one  locality  which  I  took  to  be  Surouora*  there  appeared  on  our 
left  a  very  extensive  series  of  ruins,  and  it  was  a  sore  disappointment 
to  be  compelled  to  pass  by  without  even  a  halt. 

About  the  sources  of  the  Hovenweep  and  Montezuma  creeks  there 
are  occasional  ruins  of  no  great  importance.  In  the  vicinity  of  the  Sierra 
Abajo  1  found  no  traces  of  ancient  occupation  further  t|)an  a  few  arrow- 
points  and  fragments  of  chipped  quartzite.  Little  or  no  trace  of  ancient 
occupation  was  observed  north  of  a  line  between  the  Sierra  Abajo  and 
main  peaks  of  the  La  Plata  Mountains. 

A  very  large  and  interesting  mint  occurs  on  the  Animas  River,  near 
the  southeast  corner  of  our  district  for  1875,  which  seems  to  bear  a  very 
close  relationship  in  its  architecture  to  the  ruins  of  the  Bio  Chaco. 
Unfortunately,  no  plans  of  this  ruin  have  been  made. 

PLATE  XLI. — RUIN  AT  OJO  CALIENTE,  NEW  MEXICO. 

For  the  sake  of  comparison,  I  present  in  Plate  XLI  the  ground-plan  of 
a  ruined  pueblo  found  at  Ojo  (Jaiiente,  New  Mexico.  It  occurs  on  a  high, 
almost  isolated  fragment  of  terrace  near  Caliente  Greek.  It  has  been 
constructed  chiefly  of  adobe,  and  has  consisted  of  rows  of  apartments 
surrounding  a  number  of  large  open  courts.  Individual  walls  cannot 
be  traced,  and  the  rows  of  houses  are  reduced  to  smooth  rounded  ridges 
of  earth.  These  are  indicated  on  the  plan,  and  are  often  as  much  as 
S  feet  high,  and  30  feet  wide  at  the  base.  The  courts  contain  a  num- 
ber of  small  circles  or  mounds,  a,  a,  and  the  single  estvfa  is  identical  in 
appearance  with  those  among  the  ruins  of  Colorado.  A  number  of 
openings,  &,  b,  through  the  walls  indicate  the  location  of  gate-ways.  Me- 
fates,  arrow-heads,  and  many  fragments  of  pottery  were  found.  Many 
other  groups  of  ruins  similar  to  this  occur  in  this  as  well  as  in  the  neigh- 
boring valleys.  Near  Abiquiu  a  large  pueblo  occurs,  at  which  I  found 
a  stone  axe  and  a  number  of  arrow-heads  and  metates.  A  couple  of 
skeletons  were  also  obtained  here.  This  ruiu  is  described  at  length  by 
Dr.  Yarrow  in  his  report  for  18744 

PLATES  XLII  AND  XLIII. 

Although  it  is  quite  impossible  to  read  the  curious  rock-inscriptions  of 
unknown  tribes,  it  is  conceded  that  in  most  cases  they  have  a  meaning 
and  represent  an  idea  or  record  an  event.  Aside  from  this,  however, 
they  are  valuable  to  the  historian  as  records  of  the  grade  of  civilization 
reached  by  the  tribes  who  executed  them. 

That  the  examples  given  in  the  two  following  plates  belong  to  the 
age  of  the  cliff-builders  cannot  be  satisfactorily  proved,  but,  at  the  same 

*  Of  thewe  ruins  Dr.  Newberry  says :  "  The  houses  are,  many  of  them,  large,  and  all 
of  them  built  of  stone,  hammer-dressed  on  the  ex]K)se<l  faces.  Fragments  of  pottery 
are  exceedingly  common,  thongh,  like  the  buildings,  showing  great  age.  There  is  every 
evidence  that  a  large  population  resided  here  for  many  years,  perhaps  centuries,  and 
that  they  deserted  it  several  hundred  years  ago  ;  that  they  were  Pueblo  Indians,  and 
hence  peaceful,  industrious,  and  agricultural.  •  •  •  The  ruins  of  several  large 
reservoirs,  built  of  masonry,  maybe  seen  at  Surouara,  and  there  are  traces  of  aciquias, 
which  led  to  these,  througli  which  water  was  brought,  perhaps,  from  a  great  distance." 

tSeo  Dr.  En<llicb's  report.  Annual  Keport  of  United  States  Geological  Survey,  for 
1875J  p.  177  ;  also,  Mr.  Khoda's  report,  p.  240.    See  also  Dr.  Newberry^  Kepoit,  Ex^e 
dition  to  the  Junction  of  Grand  and  Green  Rivers,  p.  80. 

t  Report  of  the  Chief  of  Engineers  for  1875,  p.  1064. 
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ti a. «.'.  e\ if ieucf*  tbar  tbey  tlo  !:«  nor  wantiDg.  Some  are  foand  on  xh^ 
ch&n  aijil  in  the  uiche.s  with  the  clift-dwdliDgs.  wbiltf  all  are  in  localities 
that  luust  Lave  ^ieeri  frequeutly  visited  by  these  people.  Some  are 
found  ill  Tbe  cafjoo  of  tbe  Maucos&.  olbeis  ou  tbe  bluffs  of  the  San  JaaD. 
and  many  in  ibe  canon??  farther  we*t. 

Fi;niie'rj  1.  i'.  and  3.  Plate  XLIL  occur  oa  the  Manco-s  near  the  group 
of  clitl-boQ.se.s  fi^'ured  in  Plate  XXXVL  They  are  cbip|>ed  into  the  rock, 
evidently  by  Kjn.e  veiy  Lard  implement,  and  rudely  represent  the 
human  tiguie.  They  are  certainly  not- attempts  to  repre^seut  natore. 
but  have  tbtr  api^f-aruncc  rather  of  arbitrary  forms  designed  to  symbolize 
atjtne  ima;rinar y  l>ein^^ 

Figure.^  4.  5.  and  U  irere  found  in  the  same  locality,  not  engraved,  bat 
painted  in  red  and  ^rhite  clay  uf»ou  the  smixith  rocks.  These  were  cer- 
tainly done  by  the  cli^-builders.  and  probably  while  the  houses  were  in 
]H(m:('>h  of  con>tniction,  since  the  uiaterial  used  is  identical  with  the 
piaster  of  the  hoii.se«i.  The  sketches  and  notes  were  made  by  3Ir.  Bran- 
dege*-.  The  reproduction  is  apprusiuiaiely  one-twelfth  the  size  of  the 
oii;;inal. 

Tlie  exanjiili'S  given  in  Fijiuit*s  T,  8.  9.  IM.  and  11.  as  well  as  those  in 
Plate  XLllI.  (jii'iiT  on  the  l^io.San  Juan  ab^^mt  10  miles  below  the  mouth 
of  the  liio  La  Plata.  A  low  line  of  blutl's,  comfiosed  of  light-colored 
nia>sive  sand.>tones.  that  bieakdown  in  great  smooth-faced  blocks, ri^es 
from  the  river-level  und  swee]is  aiouud  toward  the  north.  Each  of  these 
grnat  blocks  bus  olfered  a  very  tempting  tablet  to  the  graver  of  the 
primitive  artist,  and  many  of  them  contain  curious  and  interesting  in- 
M.'iiptions.  lira  wings  were  made  of  such  of  these  as  the  limited  time  at 
my  di^po^^al  would  permit.  They  are  all  engrave<l  or  cut  into  the  face 
of  the  rock,  and  the  whole  body  of  each  figure  has  generally  been  chipped 
out,  frerjuently  to  the  depth  of  one-fourth  or  one-half  an  inch. 

The  work  on  .some  of  the  larger  groups  has  been  one  of  immense 
labor,  and  must  owe  its  completion  to  .strong  and  enduring  motives. 
With  a  vi-ry  few  exceptions  the  engraving  bears  undoubted  evidence  of 
agf*.  Such  new  figures  as  occur  are  quite  easily  distinguished,  both  by 
th»-  freshness  of  the  chipped  surfaces  and  by  the  designs  themselves. 
Figuie  1 1  giv«'s  a  siiecimen  of  the  modern  work  ;  it  is  evidently  intended 
to  rcj>n'seiit  a  liois*-,  anil  is  done  in  the  manner  of  the  >'avaJoes.  It 
will  K'ailily  be  s«'en  that  among  all  the  ligures  given  of  the  ancient 
work  tliJ'H'  is  no  animal  that  resenjbles  a  horse,  and  we  can  hardly  sup- 
j»o>e  that  artists  who  <'ould  so  cleverly  delineate  birds  and  deer  and  men. 
W'»uld  fail  in  an  attemjit  to  rejiresent  an  animal  of  .so  marked  a  charac- 
♦«M-.  Thi'  curious  desi;rns  given  in  Figure  10  have  a  very  perceptible 
p'seinhlance  tc»  many  <»f  the  figures  u>etl  in  the  eml>ellishment  of  pot- 
t*-rv. 

Tiie  njost  striking  group  observeil  is  given  in  Figure  1,  Plate  XLIII.  It 
consiNts  of  a  great  i>rocession  of  men,  birds,  beasts,  and  fanciful  ligures. 
The  whcile  picture  as  i)laced  upon  the  rock  is  highly  spirited,  and  the 
idea  of  a  j^eneral  niovi*ment  toward  the  right,  skilfully  portrayed.  A 
pair  of  winged  figures  hover  above  the  train  as  if  to  watch  or  direct  its 
movements;  behind  these  are  a  number  of  odd  figures,  followed  by  an 
antlered  animal  resembling  a  tleer,  w  hich  seems  to  be  drawing  a  notched 
sledge  containing  two  figures  of  men.  The  figures  forming  the  main 
body  of  the  procession  ajJiiCJir  to  be  tied  together  in  a  couMnuous  lino, 
an<l  in  form  rrsenible  one  living  creature  about  as  little  as  another. 
Many  of  the  smaller  figures  above  and  below  are  certainly  intended  to 
n*pi«*sent  clogs,  while  a  number  of  men  are  statione<l  about,  here  and 
there,  as  if  to  keei)  the  i)rocession  in  order.    • 


XJ.  8.  Geological  Surrey. 
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As  to  the  importanco  of  the  event  recorded  in  this  picture  no  conda- 
sions  can  be  drawn ;  it  may  represent  the  migration  of  a  tribe  or  family 
or  the  trophies  of  a  victory.  A  number  of  figures  are  wanting  in  the 
drawing  at  the  left,  while  some  of  those  at  the  right  may  not  belong 
properly  to  the  main  group.  The  reduction  is,  approximately,  to  one- 
twelfth. 

Figures  2  and  3  of  the  same  plate  represent  only  the  more  distinct 
l)ortions  of  two  other  groups.  The  complication  of  figures  is  so  great 
that  a  number  of  hours  would  have  been  necessary  for  their  delineation, 
and  an  attempt  to  analyze  them  here  would  bo  fruitless. 

POTTERY. 

The  iK)ttery  of  the  ancient  tribes  of  the  San  Juan  Valley  is  undoubt- 
edly 8ui)erior  in  many  respects  to  that  of  the  town-building  tribes  of 
today.  It  is  especially  superior  in  composition  and  surface-finish.  In 
form  and  ornamentation  it  does  not  compare  well  with  the  highly 
artistic  wares  of  the  Moquois  and  Zunis.  There  is  great  similarity, 
however,  in  every  respect,  and  the  difierences  do  not  seem  greater  than 
could  be  expected  in  the  manufactures  of  the  same  people  at  periods 
separated  by  a  few  generations,  or  even  of  related  tribes  of  the  same 
time  surrounded  by  difierent  physical  features  or  by  different  neighbors. 

The  study  of  the  fragmentary  ware  found  about  the  ruins  is  very 
interesting,  and  its  immense  quantity  is  a  constant  matter  of  wonder. 
On  one  occasion,  while  encamped  near  the  foot  of  the  Mancos  Canon, 
I  undertook  to  collect  all  fragments  of  vessels  of  manifestly  different 
designs  within  a  certain  space,  and  by  selecting  pieces  having  pecul- 
iarly marked  rims  I  was  able  to  say  with  certainty  that  within  10  feet 
square  there  were  fragments  of  fifty-five  different  vessels.  In  shape 
these  vessels  have  been  quite  varied,  but  by  far  the  greater  portion  have 
been  of  the  form  of  bowls  and  handieil  cups  or  ladles.  Jugs  and  vases 
also  occur.  In  general  the  forms  have  been  so  simple  that  with  the  aid 
of  the  great  quantities  of  fragments  it  is  not  difficult,  providing  the  rim 
is  preserved,  to  say  with  accuracy  to  what  form  of  vessel  a  given  speci- 
men belongs.  The  bottoms  of  the  various  vessels,  excepting  a  kind  of 
handled  mug,  are  rounded  or  very  slightly  flattened.*  The  art  of  orna- 
mentation seems  to  have  been  especially  cultivated,  as  very  few  speci- 
mens are  found  that  are  not  painted,  indented,  or  covered  with  raised 
figures.  Indeed,  these  ornamental  designs  are  often  so  admirable,  and 
apparently  so  far  in  advance  of  the  art-ideas  of  these  people  in  other 
respects,  that  one  is  led  to  suspect  that  they  may  be  of  foreign  origin. 
But  there  is  certainly  no  conclusive  evidence  that  these  people  ever  came 
in  contact  with  Europeans  or  were  even  influenced  by  European  art. 

The  material  used  in  the  manufacture  of  pottery  was  generally  a  fine 
clay  (in  which  the  country  abounds),  tempered  with  sand  or  pulverized 
shells.  The  modelling  was  done  almost  exclusively  with  the  hand;  no 
wheel  has  been  used,  antj  no  implement  whatever,  except  for  surface 
creasings  or  indentings. 

The  thickness  of  the  ware  varies  from  ^  to  ^  an  inch.  Lightness  has 
evidently  been  greatly  desired,  and  vessels  having  a  capacity  of  many 
gallons  are  not  more  than  i  of  an  inch  thick  in  any  part. 

*  Dr.  Charles  Rau  says,  in  an  article  on  Indian  pottery,  in  the  Smithsonian  Report 
for  1866,  p.  346,  that  ^'tbe  oldest  vessels  of  all  nations  who  practised  the  potter*8  art 
probably  exhibited  that  shape  (the  rounded  bottom),  the  model  of  which  was  fur- 
nished by  nature  in  the  gourd  and  other  fruits  presenting  rounded  outlines.  A  d(it  bot- 
tom, therefore,  would  denote  a  progress  in  the  ceramic  art." 
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tbe  vessel  is  built  up  by  the  strips  alone,  canuot  bo  determined,  since 
tbe  Aside  is  perfectly  smooth,  excepting  finger-marks,  and  the  strips 
are  so  welded  into  the  general  texture  of  the  vessel  that  individual 
strips  cannot  be  detected  beneath  the  surface  when  examined  on  broken 
edges. 

In  the  specimen  figured  the  workman  has  begun  near  the  centre  of 
the  rounded  bottom  and  laid  a  strip  in  a  continuous  but  irregular  spiral 
(see  Fig.  3)  until  the  rim  was  reached,  indenting  the  whole  surface  ir- 
regularly with  the  finger.  A  smooth  recurved  rim  has  then  been  added 
in  a  very  skilful  manner.  Two  small  conical  bits  of  clay  have  been  set 
in  near  the  rim,  as  if  for  ornament.  The  companion  piece  has  a  small 
scroll-shaped  ornament  similarly  placed. 

Figure  2  shows  the  manner  in  which  the  spiral  is  started  on  the  bot- 
tom of  the  vessel.  In  some  cases  the  crimping  or  indenting  begins 
with  tbe  spiral,  but  in  others  the  strip  of  clay  is  left  quite  smooth  lor  a 
considerable  space,  as  in  the  example. 

Figure  3  represents  a  fragment  of  a  large  vase  or  jar  obtained  by  Mr. 
Jackson  in  the  valley  of  Epsom  Creek,  Southeast  Utah.  The  original 
vessel  has  had  a  capacity  of  at  least  ten  gallons,  and  has  certainly  pre- 
sented a  very  attractive  appearance,  as  tbe  outline  has  been  quite 
elegant  and  the  surface-modelling  symmetrical  and  highly  artistic.  It 
has  been  built  up  in  the  usual  manner  of  a  continuous  band  or  strip  of 
clay,  tbe  ornamentation  has  been  varied  by  leaving  occasional  belts  of 
the  overlapping  strips  quite  plain,  while  the  indentations  in  the  alternat- 
ing belts  have  been  made  with  great  care,  probably  with  the  thumb. 
The  rim  is  smooth  and  upright  and  has  a  diameter  of  9  inches.  The 
neck  is  narrow  and  straight,  and  the  body  swells  to  IS  inches  at  the 
greatest  circumference.  The  specimen  as  given  does  not  show  this,  how- 
ever, as  the  lower  part  has  been  lost.  The  inside  is  smooth ;  the  mate- 
rial is  coarse  clay,  in  which  can  be  seen  much  coarse  sand,  apparently 
ground  granite,  as  fragments  of  both  quartz  and  hornblende  appear. 
For  so  large  a  vessel  the  walls  are  remarkably  thin,  not  being  more  than 
one-fourth  of  an  inch  thick  in  any  part. 

Figure  4.  The  vase  of  which  this  is  a  large  fragment  has  been  much 
smaller  than  the  preceding,  and  of  greatly  inferior  workmanship.  It 
has  resembled  more  closely  the  specimen  given  in  Figure  1,  but  is  es- 
pecially noticeable  from  the  attempt  at  ornament.  A  festoon-like  strip 
of  clay  has  been  laid  on  beneath  the  rim. 

Figure  5.  This  is  one  of  the  best  specimens  of  raised  ornamentation 
in  the  collection.  It  has  been  modelled  entirely  with  the  fingers,  and 
retains  perlectly  the  most  delicate  markings  of  the  skin.  The  strips  of 
clay,  which  run  obliquely  across  the  specimen,  have  been  indented,  as 
usual,  with  the  thumb,  and  the  projecting  "  beads''  have  been  slightly 
drawn  down  and  pointed  by  pressure  between  the  fingers.  The  draw- 
ing is  nearly  natural  size. 

Figure  6.  The  modelling  of  this  specimen  is  hardly  inferior  to  that  of 
the  preceding.  The  strips  of  clay  have  been  laid  on  with  great  care, 
every  other  layer,  only,  being  pressed  down  and  indented.  It  can  be 
seen  that  each  impression  of  the  thumb  is  clearly  defined,  and  the  nail- 
marks  are  as  distinct  as  if  made  yesterday. 

Figure  7.  This  specimen  diflers  from  the  others  given  in  having  been 
indented  with  some  sharp  implement.  The  clay  spiral  has  been  laid  on 
and  gently  pressed  down  by  the  fingers.  Afterward  an  ornamental 
design  has  been  produced  by  a  series  of  sharj)  indentations. 

If  we  should  judge  by  the  curvature  of  these  fragments,  the  complete 
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ye88eU  have  exceeded  io  size  the  one  given  in  Figure  1,  and  most  have 
been  for  those  primitive  dajs  master-pieces  of  the  potter's  art. 

In  form,  vessels  of  this  class  have  not  been  so  varied  as  the  pHnted 
ware;  bowls,  caps,  and  spoons  or  ladles  are  not  known,  bat  nearly 
every  variety  of  narrow-necked  vessels  may  be  foond  in  collections. 

PLATE  XLV.- 

As  previously  mentioned  it  is  not  difficult,  when  we  have  such  a  great 
number  of  specimens  at  hand,  to  arrive  at  an  accurate  idea  of  the  shape 
of  any  vessel  of  which  we  have  ordinarily  large  fragments.  None  of  the 
more  elaborately  ornamented  vessels  have  been  preserved  entire,  and  in 
order  to  do  justice  to  the  artistic  abilities  of  the  ancient  potters,  I  give 
in  this  plate  a  few  lestorations.  In  preparing  the  lithograph  the  ten- 
dency is  to  make  the  surfaces  too  smooth  and  the  forms  too  symmetri- 
cal, but  we  may  make  allowance  for  this  and  still  have  specimens  very 
little  inferior  to  those  jQgured.  As  the  fragments  used  are  plainly  indi- 
cated in  the  drawing,  there  need  be  no  misuuderstanding  as  to  the 
method  employed  in  making  the  restorations. 

Figure  1  represents  a  bowl  which,  as  the  fragments  indicate,  has  been 
decorated  with  beautiful  designs  in  black  both  inside  and  out.  The 
original  has  been  about  6  inches  in  diameter  and  4  inches  deep. 

Figure  2.  This  bowl  has  been  about  twice  the  size  of  the  above,  and 
has  containecl  ornamental  designs  of  a  somewhat  more  intricate  pattern. 

Figure  3.  Is  restored  from  a  large  fragment  which  has  on  the  inside 
A  design  in  which  the  scroll  is  used.  This  scroll  has  been  produced  by 
filling  in  the  spaces  about  it  with  dark  color. 

Figure  4.  This  bowl  is  entire,  and  was  collected  by  Mr.  Jackson,  on 
the  San  Juan  Kiver,  in  Utah.  It  has  a  capacity  of  about  three  pints. 
The  ornamental  design  is  applied  to  the  inside  and  is  quite  simple. 

Figure  5.  Fragments  of  vessels  of  this  shape  were  found  iu  many 
localities.  All  are  covered  with  ornamental  designs  similar  to  those  on 
other  vessels.  Two  entire  specimens  were  obtained  by  Captain  Moss, 
iu  a  grave  on  the  Kio  San  Juan. 

Figure  G.  The  fragment  from  which  this  form  is  drawn  was  found  on 
the  Kio  San  Juan  near  the  Great  Creston  or  Hogback.  The  enamel  is 
dark,  and  the  painted  design  has  a  dark  metallic  lustre.  The  upper 
part  of  the  v«»ssel  has  been  quite  handsome  iu  design ;  the  lower  part 
has  in  all  probability  been  as  indicated  iu  the  restoration,  as  all  whole 
specimens  which  have  similarly  shaped  necks  have  the  bottom  round 
or  nearly  so. 

Figure  7.  The  most  striking  characteristic  of  this  specimen  is  the 
shape  of  the  riin,  which  has  been  fashioned  for  the  reception  of  a  lid. 
The  quality  of  the  ware  has  been  good,  and  the  shai>e  seems  to  have 
been  (juite  symmetrical.  It  was  fouud  in  the  same  locality  as  the  pre- 
ceding. 

Fi[^ure  8.  A  great  many  disk-shaped  specimens  were  picked  up.  They 
are  of  the  same  material  as  the  ordinary  pottery,  and  have  in  most  cases 
been  ])aint«*d  with  rude  designs.  Tiie  finest  example  is  given  iu  this  tig- 
nn*.  They  are  usuall.v  from  two  to  live  inches  in  diameter  and  about  one- 
hali'  an  inch  in  thickness. 

Sections  of  two  varieties  are  given  in  Figure  0.  These  disks  were 
doubtless  used  as  lids  for  the  various  narrow-necked  veswsels.  This  speci- 
men fits  the  vessel  given  iu  Figure  7,  although  not  found  in  the  same 
locality. 
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Id  Fif^ureslO,  11,  and  12 1  give  three  specimens  from  the  collection  mode 
by  Dr.  Palmer  in  Saint  George,  Utah ;  they  have  no  corresponding  forms 
in  onr  collections. 

PLATE  XLVI. 

This  plate  contains  drawings  of  a  nnmber  of  stone  implements,  arrow- 
beads,  ornaments,  and  other  articles  mannfactnred  or  nsed  by  the  ancient 
inhabitants  of  this  region.  Nearly  all  were  found  so  associated  with  the 
architectural  remains  that  I  do  not  hesitate  to  assign  them  to  the  same 
period. 

Figure  1  represents  a  small  fragment  of  rnsb  matting,  a  large  piece 
of  which  was  found  on  the  floor  of  the  '<  sixteen-windowed  "  cliff-houses 
of  the  Bio  Mancos.  It  was  probably  manufactured  from  a  species  of 
rush,  Scirpua  validxiSy  that  grows  somewhat  plentifully  along  the  Mancos 
bottoms. 

Figure  2  represents  a  bundle  of  small  sticks,  probably  used  in  playing 
some  game.  They  are  nearly  a  foot  in  length,  and  have  been  sharpenM 
at  one  end  by  scraping  or  grinding.  They  were  found  in  one  of  the  cliff- 
houses  of  the  Mancos,  buried  beneath  a  pile  of  rubbish.  The  bit  of  cord 
with  which  they  are  tied  is  made  of  a  flax-like  fibre,  carefully  twisted 
and  wrapped  with  split  feathers;  beside  this  a  number  of  short  pieces 
of  rope  of  different  sizes  were  found,  that  in  beauty  and  strength 
w*ould  do  credit  to  any  people.  The  fibre  is  a  little  coarser  and  lighter 
than  flax,  and  was  probably  obtained  from  a  species  of  yucca^  which 
grows  everywhere  in  the  Southwest. 

Figure  3  is  a  very  perfect  specimen  of  stone  implement  found  buried 
in  a  bin  of  charred  corn  in  one  of  the  Mancos  cliff-houses. 

It  is  8  inches  in  length  and  2}  inches  broad  at  the  broadest  part;  its 
greatest  thickness  is  only  ^  an  inch.  One  face  is  slightly  convex,  while 
the  other  is  nearly  flat.  The  sides  are  neatly  and  unifbrmly  rounded,  and 
the  edge  is  quite  sharp.  It  is  made  of  a  very  hard,  fine-grained,  sili- 
cious  slate,  is  gray  in  color,  and  has  been  ground  into  shape  and  polished 
ill  a  most  masterly  manner.  Although  its  use  is  not  positively  determined, 
it  belongs,  in  all  probability,  to  a  large  class  of  implements  called  celts. 
This  specimen  has  probably  been  used  for  scraping  skins  or  for  other 
similar  purposes,  but  certainly  not  for  striking  or  cutting,  as  the  mate- 
rial is  very  brittle.  The  most  conclusive  proof  of  its  use  is  the  appear- 
ance of  the  edge,  which  shows  just  such  markings  as  would  be  produced 
b3'  rubbing  or  scraping  a  tough,  sinewy  surface. 

Figure  4  represents  a  part  of  a  metaU  or  millstone.  The  complete 
implement  consists  of  two  parts — a  large  block  of  stone  with  a  concave 
surface,  upon  which  the  maize  is  placed,  and  a  carefully-dressed  but 
coarse-grained  slab  of  stone  for  grinding.  This  slab  is  generally  from 
8  to  12  inches  long  by  3  to  G  wide,  and  from  1  Jo  2  inches  thick.  The 
specimen  illustrated  is  made  of  black  cellular  basalt,  and  was  found 
with  many  others  at  the  ruined  pueblo  near  Ojo  Caliente,  Xew  Mexico. 
Fragments  of  thesii  primitive  mills  are  to  be  seen  at  nearly  every  ruined 
Xnieblo  that  I  have  examined. 

Figure  5,  a  very  much  worn  specimen  of  stone  axe,  which  was  found 
at  an  ancient  ruin  near  Abiquiu,  New  Mexico.  It  is  made  of  light-col- 
ored chloritic  schist,  and  measures  2  inches  in  width  by  3  in  length. 

Figures  G  and  6a  are  specimens  of  ear-ornaments,  such  as  are  found  in 
connection  with  very  many  of  the  ruins  of  Southern  Colorado.  These 
are  made  of  finegrained  gray  slate,  only  moderately  well  polished,  and 
measure  an  inch  and  a  quarter  in  length. 

Figure  7  represents  a   marine  shell  of  the  genus  OliceJla,  obtained 
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jiro'/ai^ly  frocT:  :li«:  r^x-icc  coia:^:.    Jjixz*--  LuXlI^fs  of  this  azMl  allied 
-:j«:.'-  ^^r*:  :ojr»'l  a}ji>'j:  the^  mliiA.    Thry  art  geLerally  pieroed,  and 

y.^nr*-  *  r*rpre>rf:ij^^  a  .^mall  carvrf  f  zare  ft>asd  on  ibe  Bio  Manco^. 
I:  :<^  ma^if:  of  Lard  gray  ftlaie.    lu  cse  or  iDraiiiiig  caziDOl  be  decenniDed. 

My  coriclasion^  la  refereDce  to  tbe  hl>u»ry  of  the  aDcient  inhabiranis 
of  tbU  re^pou.  aj(  drawn  from  my  otxservation^  among  the  nuns,  briefly 
oatlined,  are  a?»  follovs^ : 

TL«;  ancient  people$»  of  tbe  San  Joan  coantry  were  doabtless  the  an- 
oe»t/irH  of  tbe  present  paeblo  tribes  of  New  Mexico  and  Arizona.  A 
compari'son  of  tbe  ancient  with  tbe  modem  architecture  and  a  consider- 
ation of  tbe  ^eo;^pbical  relations  of  tbe  ancient  and  modem  pueblos 
lea'I  Tf-Tv  de^ride^ilv  to  this  eonclasion.  Tbev  have  atone  time  or  other 
f/ccQpiefl  a  very  exten.stve  area  wLicb  inclndes  tbe  greater  part  of  the 
drkina;^e  of  tbe  J*io  Colorado.  Tbeir  occnfiation  of  this  region  datc^ 
back  verv  man  v  centuries,  as  attested  bv  tbe  extent  of  the  remains  and 
tb«fir  advance^!  state  of  decay. 

Tbe  iinal  al^udonment  of  tbe  cliiT  and  cave  dwelling:^  has  occurred  at 
a  r:om[iar.itiv<rly  recent  date,  certainly  subsequent  to  the  Spanish  con- 
quest. 

The  ]<i'.v]aiid  remains,  the  extensive  pueblos  and  great  towers,  an» 
t!eu«-ra]Iy  in  a  veiy  much  more  advanced  state  of  ruin  than  the  clifl' 
«Ieferjc#-s.  It  i^*  iKissible  that  the  latter  owe  tbeir  construction  to  events 
that  jifj mediately  preceded  tbe  exfiulsion  of  tbe  pueblo  tribes  from  this 

The  cliff  l>uild«Ts  were  probably  not  prreatly  superior  to  the  modem 
pueblos  in  any  of  tiie  arts,  and  I  doubt  if  they  could  boast  of  a  state  of 
civilization  equally  advanced. 

It  should  be  nTijfrHjl>ered  that  up  to  this  time  no  excavations  wbat- 
4\'i:r  have  b^rou  iii<ide  arnon;;  the^e  ruins,  and  I  feel  as  if  more  informa- 
tion s)iould  \)i'  obtained  before  attempting  to  draw  other  than  very 
iren^-fril  c.incluNioii*.  It  seems  to  me  probable  that  a  rich  reward  awaits 
I  he  fortunate  archa.-olo^ist  who  shall  be  able  to  thoroughly  investigate 
the  histori:al  rfconls  that  lie  buried  in  the  masses  of  niins,  the  nnex- 
plon-d  cjives,  an*)  the  still  mysterious  burial-places  of  the  Southwest. 
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LETTER  OP  TRANSMITTAL. 

Washington,  D.  C,  March  1, 1878. 

Sir  :  I  have  tbo  honor  herewith  to  transmit  a  report  on  the  ancient 
rains  examined  by  me  in  1875  and  1877. 

A  preliminary  report  on  the  rains  examined  in  1875  was  published  in 
the  Bulletin  of  the  Sarvey,  Vol.  U,  No.  1.  The  edition  is  exhausted, 
and  as  it  was  limited  it  has  been  thought  advisable  to  revise  the  report 
and  republish  it  with  the  report  for  1877.  The  illustrations  have  also 
been  revised  and  additions  made. 

Hoping  this  report  may  meet  with  your  approval,  I  am,  very  respect- 
fully, your  obedient  servant, 

WM.  H.  JACKSON. 

Dr.  F.  V.  Hayden, 

United  States  Geologist  in  charge. 
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CHAPTER    I. 

RDINS   OP   SOUTHWESTERN   COLORADO   AND    ADJACENT 

TERRITORY. 

In  continuing  the  investigation  (commenced  in  1874)  of  .the  very  in- 
teresting ruins  scattered  throughout  the  San  Juan  Basin,  I  proceeded 
to  Parrott  City,  a  frontier  mining-camp  on  La  Plata  River,  where  I  pro- 
cured the  services  of  Harry  Lee  as  guide  and  interpreter.  Mr.  E.  A. 
Barber,  naturalist,  and  special  correspondent  of  the  New  York  Herald, 
was  also  of  the  party.  Providing  ourselves  with  the  supplies  which 
had  been  forwarded  to  this  point  via  Tierra  Amarllla,  we  started  out 
late  in  July,  journeying  westwardly  to  the  point  on  the  Hovenweep 
from  which  we  had  turned  back  last  year,  and  where  we  resumed  our 
explorations. 

GENERAL  DESCRIPTION  OF  THE  COUNTRY. 

The  Hovenweep  {deserted  valley)  is  a  tributary  of  the  McElmo,  which, 
together  with  the  wide-spreading  arms  of  the  Montezuma,  drains  into 
the  San  Juan  all  that  portion  of  the  country  lying  between  the  Mesa 
Verde  and  the  Sierra  Abajo,  covering  in  the  aggregate  some  2,500 
square  miles.  Their  labyrinthine  canons  head  close  to  the  Dolores  on 
the  north,  and  ramify  the  plateaus  in  every  direction  with  an  intermi- 
nable series  o^  deep,  desolate  gorges,  and  wide,  barren  valleys.  There 
is  not  a  living  stream  throughout  this  whole  region.  During  the  sum- 
mer months  water  occurs  in  but  very  few  places,  generally  in  pockets, 
sometimes  in  springs,  where  the  excess,  if  any,  is  soon  swallowed  up  by 
the  hot  and  thirsty  sands.  The  rainy  season  is  in  winter  and  the 
early  spring  months,  when  the  water  is  more  generously  distributed, 
being  then  found  in  the  many  basins  scattered  over  the  bare  tops 
of  the  mesas,  as  well  as  in  the  beds  of  the  cnuons,  the  lower  temper- 
ature of  the  colder  season  preventing  the  rapid  evaporation  of  summer 
and  autumn  weather.  As  a  great  proportion  of  the  surface  of  this  re- 
gion is  a  bare  bed  of  rock,  with  a  soil  in  the  lowlands  nearly  imper- 
vious to  moisture,  the  winter  showers  soon  gather  their  waters  together 
in  great  floods  in  the  main  channels,  and,  rushing  down  in  a  solid 
body,  form  the  deep  **  washes"  so  characteristic  of  the  country.  But 
these  torrents  are  short-lived,  and  it  is  only  by  noting  the  height  of 
the  drift-material  lodged  upon  the  trunks  of  the  venerable  cottonwoods 
bordering  the  banks  that  we  can  fully  realize  such  great  bodies  of  water 
ever  having  existed  in  so  dusty  a  bed.  Every  cauon  and  valley  has  it;s 
corresponding  wash,  worn  perpendicularly  down  through  the  dry,  easily- 
eroded  soil,  forming  circuitous  but  excellent  pathways.  In  some  valleys, 
where  the  drainage  is  considerable,  these  washes  frequently  attain  a 
depth  of  from  30  to  40  feet,  and  are  impassable  for  miles. 
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The  intervening  tablelan<ls  obtain  a  very  nearly  uniform  height  of 
oOO  feet,  running  up  to  over  1,(M)<)  feet  as  we  approach  the  Dolores 
divide.  In  the  wider  valleys  the  maximum  is  reached  by  successive 
steps  or  benches,  rising  one  back  of  the  other,  while  in  the  narrow 
canons  the  ascent  is  more  abnipt;  the  upper  third  of  the  escarpment 
being  generally  perpendicular,  with  the  lower  twothinls  composed  of 
talus.  Their  summits  and  sides  are  usually  clothed  with  a  growth  of 
scrubby  pinon  and  juniper  trees,  in(Teasing  in  density  and  size  as  we 
approach  the  divide  on  the  north,  while  the  valleys  below  sustain  dense 
masses  of  sage-brush  and  greasewood,  that,  in  some  places,  attain  a 
height  of  from  10  to  12  feet.  Vigorous,  fi-esh-looking  cottouwoods  line 
the  main  channels,  and  are  as  deceptive  to  the  thirsty  traveller  as  a 
mirage.  One  may  travel  for  miles  in  the  parched  bed  of  the  wash  at 
their  feet,  while  overhead  their  wide-spreading  branches  cast  a  grate- 
ful shade,  ^nd  yet  not  be  able  to  find  a  drop  of  water  anywhere  in  their 
vicinity. 

West  of  the  Montezuma  two  or  three  small  tributaries  of  the  San 
Juan  head  in  the  southern  face  of  the  Sierra  Abajo,  and  then  comes  Ep- 
som Creek,  rising  among  the  plateaus  farther  to  the  west — so  called  from 
the  water  in  one  portion  of  its  beds  tasting  like  Epsom  salts  and  having 
its  characteristic  effect  on  the  animal  system.  For  a  distance  of  some 
25  miles  above  its  mouth  the  valley  of  this  creek  presents  upon  its  east- 
ern side  a  remarkable  wall,  some' 400  feet  in  height,  insurmountable 
throughout  its  whole  length,  with  the  exception  of  one  place,  where  the 
Indians  have  made  a  way  for  themselves.  It  is  caused  by  au  immense 
fold  in  the  sandstones,  running  north  and  south  in  a  semicircular  line, 
for  some  40  miles,  and  the  valley  has  been  eroded  from  the  portion 
where  the  strata  stood  nearly  perpendicular.  On  the  west  the  beds 
sweep  up  in  graceful  curves  to  a  nearly  horizontal  position,  ui)on  which 
isolated  mesas  rise  above  the  general  level  in  bold  relief  against  the 
sky. 

The  Jlio  San  Juan  drains  a  great  interior  basin,  covering  over  20,0l»0 
squan^  miles,  as  well  as  several  great  monntiiin  masses  bordering  it. 
The  river  at  the  mouth  of  the  jVIcElmo  has  an  average  width  of  3i» 
yards,  and  a  de])th  of  from  4  to  G  feet ;  its  current  moving  somewhat 
sluggishly  in  great  sweeping  curves  that  almost  touch  upon  themselves 
again.  The  water  is  warm,  and  well  freighted  with  the  soil,  which  it  is 
continually  undermining ;  contrasting  strongly  with  the  clear,  ice-cold 
tributaries  which  give  it  existence.  The  bottoms  are  from  3  to  5  miles 
iu  width,  and,  bonlering  the  stream,  covered  with  dense  growths  of 
<!ottonwoods  and  willows.  The  broad  and  fertile  alluvial  lands,  well 
covered  with  grass,  and  the  low  sage-brush  benches  bordering  them,  will 
undoubtedly  prove  a  rich  jigricultural  possession  at  no  distant  day. 
Back  of  all  upon  either  hand  rise  the  i)recipitous  sandstone  bluffs,  pic- 
turesque in  outline  and  color,  that  gradually  close  down  upon  the  river 
until  It  is  engulfed  in  the  great  canon  which  commences  just  below  the 
mouth  of  the  liio  De  < -belly.  It  is  then  lost  to  all  knowledge  until  it  re- 
a])|)ears  mingling  its  waters  with  those  of  the  still  more  turbid  Colorado. 

{South  of  the  San  Juan,  the  llio  I)e  Chelly,  coming  in  opposite  the 
mouth  of  r4)soni  Creek,  does  not  differ  in  its  canon  character  from  those 
of  the  north.  The  bonlering  plateau,  however,  is  more  massive  and  less 
cut  up  by  side  canons.  Tlie  same  aridity  prevails  throughout  nearly  its 
whole  length. 

11  living  thus  suijerficially  surveyed  the  region,  on  which  are  to  be 
found  a  vast  number  of  prehistoric  ruins,  we  will  now  return  to  the 
Ilovenweoj),  and  examine,  in  such  detail  as  our  rapid  reconnoissancc  will 
allow,  the  more  i)rominent  of  the  abundant  remains. 


JACK80N.J  RUINS   OP   SOUTHWEST   COLORADO,  &C.  413 

RUINS  OF  THE  HOVBNWEEP  AND  M^ELMO. 

Starting  from  the  Pueblo  of  the  Hovenweep  described  on  page  30  of 
Bulletin  No.  1,  second  series,  we  do  not  find  in  the  immediate  neighbor- 
hood any  other  ruins  of  importance,  but  a  short  distance  down  the  canon 
they  begin  to  occur  quite  frequently.  We  observe  first,  on  the  left,  the 
remains  of  a  tower  perched  upon  a  rock,  jutting  out  into  the  valley,  be- 
neath and  about  which  are  other  ruins,  evidently  belonging  to  the  tower. 
In  the  vicinity  '^  rock-shelters"  occur  upon  either  side  of  the  caiion,  some 
merely  as  walled-up  caves,  while  others  are  semicircular  walls  built  out 
from  the  rock  and  protected  overhead  by  an  overhanging  ledge.  Some 
seven  miles  from  the  Pueblo,  and  about  three  miles  above  the  McEtmo,  on 
the  western  side  of  the  valley,  is  a  jagged,  butte-like  promontory  of 
brownish-yellow  sand-rock,  standing  out  from  the  mesa,  upon  the  face  of 
which  are  a  number  of  benches  and  cave-like  recesses.  These  have  been 
built  up  and  enclosed  with  neatly-laid  walls,  making  six  different  houses 
or  sets  of  rooms  upon  three  benches,  one  above  the  other.  Access  was 
had  from  below  by  ascending  a  steep  slope  of  ddbria  for  about  100  feet 
to  the  foot  of  the  rock,  where  we  find  the  first  and  largest  of  the  houses. 
This  is  some  12  feet  in  length  by  5  feet  deep,  divided  midway  into 
two  rooms,  but  rendered  somewhat  indistinct  by  the  falling  down  of  a 
portion  of  the  rock  back  of  it.  The  second  bench  contained  the  ruins 
of  a  row  of  three  small  rock-shelters.  Above  these  were  two  similar 
ruins,  very  difficult  to  reach,  the  ledge  upon  which  they  stand  project- 
ing over  the  one  beneath.  The  perfectly  flat  floor  of  the  valley  at  the 
foot  of  the  rock  contained  faint  indications  of  having  been  occupied 
by  buildings.  One  of  the  curves  of  the  wash,  here  some  10  feet  in  depth, 
in  cutting  away  the  soil  had  exposed  a  thin  stratum  of  charcoal  about 
6  feet  below  the  surface.  One  piece  that  we  picked  out  was  3  inches  thick, 
and  the  earth  about  the  mass  in  which  it  occurred  was  much  burnt,  as 
though  the  fire  had  been  long  continued.  About  a  mile  farther  down 
we  came  to  an  expansion  of  the  valley  with  a  canon  opening  in  from 
the  west. 

In  an  examination  of  this  for  six  miles,  we  failed  to  discover  any 
remains  of  stone  buildings,  but  found  very  numerous  indications  of  what 
were  probably  adobe  structures,  or  earthen  foundations  for  wooden  ones; 
in  every  instance  circular,  with  a  diameter  of  from  15  to  25  feet.  A  dozen 
such  were  found  within  three  miles  of  each  other.  Fragments  of  pottery 
of  excellent  quality  and  neatly  ornamented  were  very  abundant.  Oppo- 
site the  mouth  of  this  caiion  the  mesa  juts  prominently  into  the  valley. 
Half-way  up  its  face  is  a  bench  like  spur,  upon  which  rests  an  almost  per- 
fectly rectangular  block  of  sandstone  that  has  fallen  from  the  cliff  above. 
It  measurers  38  by  32  feet  and  is  20  feet  high.  The  upper  surface  is 
entirely  covered  with  the  remains  of  a  wall  from  3  to  5  feet  high  run- 
ning around  its  outer  edge;  a  diagonal  line  divides  its  interior  into  two 
nearly  equal  spaces,  one  of  which  is  again  subdivided  into  three  smaller 
rooms.  The  passages  between  the  latter  are  formed  by  the  overlapping 
of  the  ends  of  the  dividing  walls,  their  opposite  ends  being  set  off  from 
each  other  about  20  inches,  thus  necessitating  a  zigzag  course  in  passing 
from  one  to  the  other.  At  the  foot  of  the  south  side  of  the  rock,  and 
directly  beneath  the  subdivided  half  of  it,  there  is  a  line  of  stone  wall 
enclosing  a  space  40  feet  square,  the  rock  forming  one  side,  with  the 
centre  depressed  a  couple  of  feet  below  the  surrounding  level.  In  the 
right  hand  corner  of  this  enclosure,  against  the  rock,  are  the  ruins  of 
another  building  20  feet  square.  Ten  feet  above  the  base,  and  over  this 
ruin,  four  holes,  G  inches  deep  and  4  inches  in  diameter,  have  been 
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drilled  into  the  rock,  serving  evidently  to  8npiM>rt  tbe  roof  of  the  build- 
ing below,  and  to  afford  a  means  of  access  to  tho  rock  above^  a  door- 
way in  the  sarroonding  wall  being  plainly  indicated  at  that  point. 

Two  miles  farther  down,  the  McElmo  comes  in  at  right  angles  from 
the  east,  and  upon  the  point  of  the  mesa  included  in  the  angle  tbos 
formed  by  the  two  caiions  or  valleys — we  cannot  call  tbem  streams — 
is  a  group  of  ruins  similar  to  those  already  described,  but  much  less  reg- 
ularly built.  An  interesting  inscription  covering  some  60  square  feet  of 
surface  occurs  upon  the  under  face  of  a  large  rock,  supporting  a  rain ; 
animals  resembling  goats,  lizards,  human  figures,  and  many  bieroglyph- 
ical  signs  abound.  While  sketching  these,  our  attention  was  called  by 
Mr.  Holmes  (who  accompanied  us  thus  for  with  his  division  on  his  way 
to  the  San  Juan,  and  who  had  ascended  to  the  summit  for  the  porpose 
of  sketching)  to  some  very  interesting  remains  that  he  had  discovered  on 
the  summit  of  the  mesa.  The  perpendicular  scarp  of  the  mesa  ran  around 
very  regularly,  50  to  100  feet  in  height,  the  talus  sloping  down  at  a  steep 
angle.  On  cave-like  benches  at  the  foot  of  the  scarp  is  a  row  of  rock- 
shelters,  much  ruined,  in  one  of  which  was  found  a  very  perfect  polisbed- 
stone  implement.  Gaining  the  top  of  the  mesa  with  some  diflksolty,  we 
found  a  perfectly  flat  surface,  100  yards  in  width,  by  about  200  in  length 
separated  from  the  main  plateau  by  a  narrow  neck,  across  which  a  wall 
had  been  thrown,  but  which  is  now  nearly  levelled.  Almost  tbe  entire 
space  fenced  in  by  this  wall  was  covered  by  an  extende<l  series  of  small 
squares,  formed  by  thin  slabs  of  sand-rock  set  on  end.  All  were  uni- 
form in  size,  measuring  about  3  by  5  feet,  and  arranged  in  rows,  two 
and  three  deep,  adjust^  to  various  points  of  the  compass.  There  were 
also  a  few  circles  disposed  irregularly  about  the  enclosed  area,  each 
about  20  feet  in  diameter,  their  circumferences  being  formed  of  similar 
rectangular  spaces,  leaving  a  circular  space  of  10  feet  diameter  in  the 
centre.  These  rectangles  occur  mainly  in  groups,  and  are  found  in- 
discriminately scattered  through  the  whole  region  that  has  come  under 
our  observation  upon  the  mesa  tops  and  in  the  valleys.  They  all  have 
the  same  g(^ueral  shape  and  size,  and  are  seldom  accompanied  by  even 
the  faintest  indication  of  a  moandliko  character.  We  have  always 
supposed  them  to  be  graves,  but  have  not  as  yet  found  any  evi- 
dence that  would  prove  them  such.  Some,  that  we  excavated  to  the 
depth  of  5  and  0  feet  in  a  solid  earth  that  had  never  been  disturbed, 
did  not  reward  our  search  with  the  faintest  vestige  of  human  remains. 
In  nearly  every  case,  however,  a  thin  scattered  layer  of  bits  of  charcoal 
was  found  from  0  to  18  inches  beneath  tbe  surface.  In  one  instance, 
near  the  Mesa  Verde,  the  upright  slabs  of  rock  which  enclosed  one  of  these 
rectangles  were  sunk  2  feet  into  the  earth  and  projected  6  inches  above  it. 

In  another  was  found  a  mass  of  charred  matter  that  promised  to  throw 
some  light  upon  the  subject,  but  a  chemical  analysis  by  Dr.  Endlich 
proved  it  to  besimply  charred  jumper  wood,  without  perceptible  admix- 
ture of  animal  matter.  As  the  soil  on  the  summit  of  the  mesa  at  the 
junction  of  the  llovenweep  and  McElmo  was  thin  and  sandy,  in  some 
l)laces  blown  entirely  off,  leaving  the  bare  bed-rock  exposed,  there  being 
only  from  12  to  18  inches  of  earth  to  remove,  we  excavated  several  of 
these  with  pick  and  shovel.  In  no  case  did  we  find  anything  more  than 
the  scattered  charcoal  spoken  of  above.  In  some  the  earth  was  cal- 
cined, as  though  a  fire  had  been  made  within  them,  while  in  others  there 
was  no  vestige  of  a  lire  beyond  the  presence  of  the  charcoal.  The  ques- 
tion very  naturally  arises  as  to  whether  they  might  not  have  been  cre- 
mationists,  a  su[)position  that  would  have  some  appearance  of  likelihood. 
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coald  we  but  find  any  trace  of  hamnn  remains  among  the  bits  of  charred 
wood. 

Scattered  over  the  whole  sarface  of  this  mesa  were  a  great  many  flint- 
chippings,  from  among  which  we  picked  up  a  number  of  very  beautiful 
arrow-points.  As  the  summit  commands  a  wide  sweep  of  country,  it  is 
not  unlikely  that  sentries  of  old  beguiled  their  tedious  watch  with  arrow- 
making. 

From  the  camp  at  the  Pueblo,  Mr.  Chittenden,  of  Mr.  Holmes's  divis- 
ion, rode  up  the  Hovenweep  some  eight  miles,  to  where  it  divided  into 
two  equal  branches,  and  upon  the  point  between  these  forks  he  found  the 
remains  of  a  round  tower,  commanding  an  extended  view  down  the  main 
cafion.    No  other  ruins  were  noticed. 

The  parties,  under  the  guidance  of  Mr.  Gardner,  camped  one  night 
near  the  head  of  the  Hovenweep,  and  found  there  an  important  group 
of  ruins,  described  as  follows  by  Mr.  Adams : 

'^Tbe  first  of  these  we  met  are  situated  at  the  upper  edge  of  the  side 
of  the  canon,  about  one-third  of  the  distance  from  the  top,  on  a  ledge 
about  300  feet  long  and  50  wide.  On  this  small  space  were  crowded 
some  40  houses,  as  well  as  we  could  judge  from  the  ruins.  The  general 
plan  of  structure  was  circular,  varying  in  size,  but  generally  from  10  to 
15  feet  in  diameter.  The  stone  was  dressed  to  three  times  the  size  of 
an  ordinary  brick  and  in  the  same  shape.  •  •  •  The  whole  arrange- 
ment of  the  little  town  was  for  defense ;  perched  up  high  above,  on  the 
summits  of  bowlders,  were  little  watch-towers,  which  commanded  the 
plateau  above." 

Between  the  Montezuma  and  the  Hovenweep  is  a  high  plateau,  run- 
ning north  and  south  from  the  San  Juan  to  the  Dolores;  the  southern 
portion  is  a  level  sage-covered  plain,  while  the  northern  is  undulating 
and  covered  with  junipers  and  piiion  pine.  Upon  this  we  found  the 
remains  of  many  circular  towers,  generally  occupying  slight  eminences, 
and,  with  but  one  or  two  exceptions,  as  far  as  we  observed,  they  were  so 
demolished  that  not  one  stone  remained  upon  another.  In  one  of  these 
exceptions,  about  half  the  circumference  of  a  tower  remaine<l,  15  feet  in 
height  and  of  average  masonry.  Broken  pottery  was  but  sparingly 
scattered  about,  showing  them  not  to  have  been  occupied  as  much  as 
the  very  similar  remains  in  the  valleys  below.  This  mesa,  averaging 
500  feet  in  height  above  the  surrounding  country,  does  not  contain  a 
spring  or  drop  of  water,  except  such  as  may  remain  in  the  holes  in 
the  rocks  after  a  shower.  The  0oil  is  thin  and  sandy,  blown  off  clean  to 
the  bed-rock  in  places,  yet  what  there  is  is  well  grassed,  and  sage-brush 
flourishes  luxuriantly.  As  cultivation  was  out  of  the  question,  and  per- 
manent residence  improbable,  it  is  very  likely  these  towers  were  lookouts 
or  places  of  refuge  for  the  shepherds,  who  brought  their  sheep  or  goats 
up  here  to  graze,  just  as  the  Navajos  used  to,  and  as  the  Utes  do  at  the 
present  time.  Eude  huts  of  a  later  day  are  now  found  scattered  over 
its  surface  by  the  side  of  the  washes,  where  water  would  be  likely  to 
<;ollect  after  showers. 

RUINS  OF  THE  RIO  SAN  JUAN. 

In  travelling  down  the  San  Juan,  from  the  mouth  of  the  McEimo,  there 
are  not  within  the  first  10  or  12  miles  any  ruins  that  would  claim  atten- 
tion during  a  rapid  reconnoissance.  Indistinguishable  mounds  of  earth 
frequently  occur  along  the  bottom-lands,  surrounded  by  the  ever-present 
fragments  of  pottery,  showing  them  to  be  the  sites  or  the  remains  of 
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bablrar iori-- :  thf:  tinaDtity  of  p«>rLery.  ilome-tlc  GteL»iI«.  aad arrov-poims 
Xi^Ipiri^  VifufrvL^:  to  dereriDiiie  tLe  lecgtb  of  Liirie  they  were  occapied. 

i'Ah-iit\\:ii  tfj#r  ir.outL  01"  tLe  Lroail  ^aIiUv  waaL  of  the Montezama.  which 
\rt  here  Jj^jrdered  Tririi  groves  of  briilianily-green  cottonwoods  along  it* 
arid  conr^^:.  'ic^e  pa?>s  aYx;Di  three  Eijiie<  ).>eIow,  and  timl  camp  ander  a 
^ove  of  patriarchal  trees  within  a  well-j,Ta.saed  bend  of  the  river.  A 
wide  gravelly  ber:eb.  Rome  -VJ  feet  in  heijLr.  aLd  raiming  hack  to  the 
bluti'  lirj^'.  ri^e.^  abruptly  froui  the  Ixntom-laud?.  A  few  rods  below  camp, 
the  river  in  it.-?  ri;eariderirj;r  sweeps  close  to  the  tix>t  of  this  bench,  pro- 
dacin;;  uu  aliiio^t  peri>erii]icular  face.  \I\voii  the  top  of  the  bench  at 
thi.4  jKiiut,  overlookici;;  the  river,  are  the  ruins  of  a  qaadrangalar  struc- 
ture of  jieeuliar  design. 

liefenifj;?  to  the  groundplau.  as  shown  in  Fijj.2,  Plate  XLVIII,  we  see 
that  it  i.s  arranged  very  nearly  ut  right  angles  to  the  river:  its  greatest 
depth  18  on  the  left,  where  it  runs  back  120  feet,  the  front  sweeping  back 
in  a  diagonal  line,  ro  that  the  right-hand  side  is  only  32  feet  in  depth. 
The  back  wall  is  l.>^  feet  long,  and  at  right  angles  to  the  two  sides.  lu 
the  centre  of  the  building,  looking  out  ufion  the  river,  i^  an  open  space 
75  feet  in  width  and  averaging  40  feet  in  depth,  its  depressed  centre  be- 
ing divided  iiKirly  erjually  by  a  ridge  running  through  it  at  right  angles 
to  the  river.  We  judged  this  to  have  been  an  open  court,  beeaase  there 
was  not  the  least  vestige  of  a  wall  in  front  or  on  the  ridge  through  the 
centre,  w  hile  upon  the  other  three  sides  the  walls  were  i)erfectly  distinct ; 
although  it  is  difUcult  to  explain  why  it  should  have  been  hollowed  out 
in  the  manner  shown  in  the  plan,  unless  the  depressions  mark  the  former 
^ites  of  underground  apartments.  Back  of  this  court  is  a  series  of  seven 
apartments  of  equal  size,  springing  in  a  iierfect  arch  from  the  heavy  wall 
fa«:ing  the  court,  leaving  a  semicircular  space  in  the  centre  45  feet  across 
in  its  greatest  diameter.  Each  apartment  is  15  feet  in  length  and  the  same 
number  of  feet  in  average  width  across  the  centre;  the  walls  are  8ome> 
what  irregular  in  thickness,  but  average  20  inches,  being  compact  and  well 
laid.  On  the  left  are  three  rooms  extending  across  the  whole  width  of  the 
building,  each  averaging  15  by  40  feet;  on  the  right  only  one  was  dis- 
cernible. Our  irnpresrsion  was  that  back  of  the  circle  the  walls  diverged 
in  tije  manner  shown  in  the  plan,  although  there  is  so  much  confusion 
resulting  from  the  heaping  up  of  the  ihhrls  that  much  must  be  left  to 
conjectuM'.  There  is  also  some  doubt  in  regard  to  the  wall  facing  the 
river  on  the  i\\i\\t ;  it  is  barely  porj.sible  that  it  extended  somewhat  far- 
ther out,  and  that  it  has  become  entirely  obliterated  by  its  foundations 
giving  way.  The  remains  of  the  wall  above,  however,  and  the  fact 
that  tiierc*.  is  here  a  steep  inclination  to  the  brink  of  the  bluff,  led  us  to 
believe  that  it  had  been  originally  built  in  the  wa^^  it  is  shown  in  the 
}ilan.  Kxtrerne  massiveness  is  indicated  throughout  the  whole  struc- 
ture, both  by  the  amount  of  dchrln  about  the  line  of  the  walls^  forming 
long,  rounded  mounds,  1  to  5  feet  hi^h.  and  by  the  stone-work  cropping 
our,  L'O  to  1*4  inches  in  thickness.  J'orlions  of  the  outer  wall  have  fallen 
outward  almost  in  solid  pieces,  the  stones  remaining  spread  out  in  much 
tlie  sarnie  ordrr  they  occupied  in  the  staniling  wall.  The  stones  are  of 
fair  size,  hut  yet  not  so  large  but  that  one  n)an  can  handle  the  largest 
of  IhiMn.  'J  hey  were  obtained  from  the  neighboring  bluff,  and  probably 
undressed,  but  broken  into  very  nearly  rectangular  blocks,  so  that  when 
carefully  laid  and  <lressed  up  N\ith  adobe  cement  they  would  all  have 
the  ellert  ot  diessed  stone.  Their  extreme  age,  which  has  crumbled  a 
great  many  into  dust  ami  rounded  the  asperities  of  all  into  shapeless 
bowlders,  n-nders  any  conjecture  upon  this  point  somewhat  uncertain. 
Where  portions  of  the  undisturbed  wall  appear  above  the  rubbish,  it 
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shows  a  solid,  wellcoustracted  maAonry.  No  indications  \vhatever 
could  be  found  of  any  passage-ways,  nor  could  we  expect  to  find  any  so 
near  their  base,  for  all  the  apartments  were  probably  entered  by  lad- 
ders, the  same  as  in  other  buildings  of  this  order  that  we  have  found  in 
other  localities. 

Upon  either  side  and  back  of  this  building  were  low,  indefinite  lines 
of  earth,  not  more  than  12  to  18  inches  above  the  surrounding  surface, 
enclosing  areas  from  40  to  60  feet  in  diameter,  which  wore  probably  cor- 
rals for  domesticated  animals;  the  walls  being  composed  of  adobe  or 
turf  brought  from  the  valley  below,  would,  of  course,  wash  down  to  a 
barely  perceptible  ridge. 

In  the  face  of  the  bluff  immediately  under  this  ruin,  and  upon  a  re- 
cessed bench  situated  about  half-way  between  top  and  bottom,  is  a  row 
of  little  "rock  shelters.''  A  strata  of  a  rotten  shaly  sandstone  has 
been  weathered  or  dug  out,  probably  both,  for  a  distance  of  300  feet 
along  the  bluff,  to  a  depth  of  about  six  feet,  leaving  a  firm  floor,  and  a 
projecting  ledge  overhead,  with  just  room  enough  to  walk  along  without 
stooping.  A  continuous  row  of  buildings  occupied  this  bench,  although 
most  of  them  have  tumbled  into  the  river,  and  none  have  their  front 
walls  remaining.  Door-ways  through  each  of  the  dividing  walls 
afforded  access  along  the  whole  line.  A  few  rods  up  stream,  and  in  the 
same  line  of  the  bluff  as  the  preceding,  was  another  little  niched  cave- 
bouse,  14  feet  in  length,  5  feet  high  at  the  centre  and  6  deep,  divided 
into  two  equal  apartments;  a  small  square  window,  just  large  enough 
for  one  to  crawl  through,  was  placed  midway  in  the  wall  of  each  half. 
We  well  might  ask  whether  these  little  "cubby-holes''  had  ever  b^n 
used  as  residences,  or  whether,  as  seems  at  first  most  likely,  they  might 
not  have  been  "  caches,"  or  merely  temporary  places  of  refuge.  While, 
no  doubt,  many  of  them  were  such,  yet  in  the  majority  the  evidences 
of  use  and  the  presence  of  long-continued  fires,  indicated  by  their 
smoke-blackened  interiors,  prove  them  to  have  been  quite  constantly 
occupied.  Among  all  dwellers  in  mud-plastered  houses  it  is  the  prac- 
tice to  freshen  up  their  habitations  by  repeated  applications  of  clay, 
moistened  to  the  proper  consistency,  and  spread  with  the  hands,  the 
thickness  of  the  coating  depending  upon  its  consistency.  Every  such 
application  makes  a  building  appear  perfectly  new,  and  many  of  the  best 
sheltered  cave-bouses  have  just  this  appearance,  as  though  they  were 
but  just  vacated. 

A  quarter  of  a  mile  back  from  the  river,  rising  from  the  level  bench, 
is  a  long  narrow  hill  about  100  feet  in  height,  commanding  an  ex- 
tended view  up  and  down  the  valley,  upon  the  summit  of  which  is 
one  of  the  circular,  .mound-like  enclosures  which  occur  so  frequently 
on  both  the  highlands  and  the  lowlands.  It  evidently  has  some  con- 
nection with  the  group  below  on  the  river's  edge,  for  there  are  no  other 
rnins  within  several  miles. 

Continuing  down  the  river,  under  the  great  bluffs  which  border  it 
closely,  we  find  many  ruins  of  the  "  rock-shelter''  kind  occurring  fre- 
ifueutly  in  ail  sorts  of  positions,  from  the  level  of  the  valley  to  a  height 
of  over  KK)  feet,  and  from  the  smallest  kind  of  a  "cache,"  not  larger 
than  a  bushel-basket,  to  buildings  that  probably  sheltered  several  fam- 
ilies. One  group  consists  of  a  row  of  three  small  houses  built  upon  a 
ledge  running  horizontally  along  the  perpendicular  face  of  the  bluff', 
about  GO  feet  above  the  trail  immediately  below  it.  The  ledge  was  so 
narrow  that  the  buildings  occupied  every  available  inch  of  its  surface. 
As  near  as  we  could  judge  from  below,  ea<;h  was  about  5  feet  wide  and 
10  long,  with  ai)ertures  through  their  end  walls,  and  windows  in  the  outer 
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▼all  of  tL*:  iir?.':  two.  yo  f-o-?>:V.e  r;,«E:ai-?  or  ac»:e^*  ▼ei'^r  •li«ceraible,  and 
if  ladder-!  -^^-^rre  ever  u.^frij  tber  were  taller  tbaii  anv  of  the  crees  avail- 
able  for  that  j'lrT/OrJ^r  now  ^^ro-ring  in  th:?;  v;«:lL::y. 

AVjr^t  f^eive  2-:!es  l>r:o^  tLe  Montezuma  we  diiniorered.  far  awav 
iil^fh  ti.e  o[:K>«ite  *:iJe  of  the  river,  a  great  ciroalar  care,  oecapying 
xf-ry  Leariy  the  eritir*-  Leii-'Lt  of  the  blud  in  wL:»:h  it  •>jearred.  and  in 
^\iU:h,  by  close  irjsf^ctiorj  ^.th  the  gla*s.  "^e  were  enabled  to  make  oat 
a  Ion;;  line  or  rr.a*oLiy.  Ford::^'  tie  river  and  approaching  i:,  we  found 
tbat  the  blnti  liije  a*  rhis  I'lace  waj?  a  little  over  -«»  feet  iu  height,  the 
T:j»per  i^alf  >i  ii;rbr-r:r.'.or»-d.  rirrc.  mri.s.sive  <and>t03e.  and  the  lower  a  dark- 
red  arjil  sij^ily  vnr>:y.  Tiit;  opening  of  the  cave  is  aImo.«t  perfectly  eir- 
cfilar.  i"JO  ie*t  :::  diHTnetet'.  diviile«f  equally  between  the  two  kinds  of 
rock-!,  reachin;/.  ^itbiii  a  few  i»rt:t.  the  top  of  the  bluii"  above  and  the 
levf-1  of  rhe  valU-y  IkIo^.  It  runs  back  in  a  .-remieircnlar  sweep  to  a 
depth  of  H>«J  ff'K  :  the  tcp  i-  a  ]'».*!rect  half  «loiLe.  and  the  lower  half  only 
Ir-.-..-!  ?.r>  from  rhe  accnriiulatioii  of  fl^hri^  and  the  thick  brushy  foliage, 
the  cool  darripn<-i*  of  it-s  sb^do'-^ed  interior,  where  the  sou  never  touches, 
favorinj,'  a  Inviiiianr  ;.TOwth.  A  -itrarutii  of  hardt-r  rock  across  the  cen- 
tral line  of  th^'  cave  has  Intt  a  U-nch  runnin^r  ar«»und  its  entire  half- 
circle,  upon  T^liich  i-5  built  the  row  uf  buihlings  which  caught  onr 
attention  half  a  niile  away.  J'i;£ure  3.  Piatt*  XLVIII,  is  a  plan  of  a 
horizontal  MfCtion  of  The  cave,  -ihuwin^j  the  led^e  and  the  manner  of  the 
dispo*>ition  ot  the  buildings  upon  it.  and  in  Plate  XLIX.  the  ruins  as 
th^y  now  apr><-ar. 

The  houses  f>ccupy  thf*  left  bant]  or  eastern  half  of  the  cave,  for  the 
reaf-on.  j)robably,  tliat  the  ledge  was  wider  on  that  side,  and  the  wall 
back  of  it  receded  in  such  a  manner  as  to  give  considerable  additional 
loorn  for  the  s^'cr>nd  tiiK)r,  or  for  the  upi^er  part  of  the  one-story  rooms. 
Jt  is  al>ont  50  feet  from  the  outer  edge  of  the  cave  to  the  first  building, 
a  small  structure  l»i  feet  long.  '5  feet  wide  at  the  outer  end,  and  1  at  the 
i^ppo.-^ite  end:  the  walls,  standing  nnly  4  feet  on  the  highest  remaiuiug 
corner,  were  iie:irly  all  tumltled  in.  Then  r-auie  an  o^kmi  space  11  feet 
wide  and  U  ileej*,  that  served  piobably  as  a  sort  of  workshop.  Four 
holes  were  drilled  into  the  smooth  rock  tloor,  about  0  feet  etinidistantly 
apart,  eaeh  from  <;  to  10  inches  deep  and  5  iu  diameter,  as  iwrfectly 
round  as  though  diilled  by  machinery.  We  can  reasonably  assume  that 
these  people  wen*  familiar  with  the  art  of  weaving,  and  that  it  was  here 
they  worked  at  the  loom,  the  drilled  holes  >upjM>rting  its  [H>sts.  At  h, 
in  thi.->  oi»en  spacre,  are  a  number  of  gnjoves  worn  into  the  rock  iu  varions 
places,  cau>ed  by  the  artitlcers  of  the  little  town  in  shaping  and  |>olish- 
iu<^  their  stone  implements.  The  main  buihling  comes  next,  occupying 
the  widest  portion  of  the  ledge,  which  gives  an  average  width  of  10  feet 
inside  ;  it  is  4S  feet  long  outside,  and  IL'  high,  divided  inside  into  three 
roruns.thetlrst  two  l.'U  feet  each  in  length,  and  the  thii'd  10  feet,  divided 
into  two  stones,  the  lower  and  upj>er  3  feet  in  height.  The  joist-holes 
ilid  not  penetrate  through  the  walls,  being  inserted  about  six  inches, 
half  the  thickness.  The  beams  rested  upon  the  sloping  back  wall, 
uhirh  lecedeii  far  enough  to  make  the  upper  rooms  about  squai*e. 
Window  like  apertures  atlorded  communication  between  each  room  all 
througli  the  second  story.  e.\('epting  that  which  oi»ened  out  to  the  back 
of  the  cave.  There  was  also  one  window  in  each  lower  room,  about  lli 
inelies  scpiare,  lr)okiiig  out  toward  the  open  country,  and  in  the  upi>er 
rooms  several  small  apertures,  not  more  than  .'5  inches  wide,  were  pierced 
throu«^li  the  wall,  hardly  more  than  peei»holcs.  The  walls  of  the  large 
building  continued  back  in  an  unbroken  lim*  130  feet  farther,  with  an 
average  height  of  S  feet.     The  si»ace  was  divided  into  11  apartments. 
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with  commanicatiDg  apertures  between  them.  The  first  room  was  9^ 
feet  wide,  the  others  dwindling  gradually  to  only  4  feet  in  width  at  the 
other  extremity.  The  rooms  were  of  unequal  length,  the  following  being 
their  inside  measurements,  commencing  from  the  outer  end,  viz :  12^, 
^j  ^y  7^,  9, 10,  8,  7,  7,  8,  31  feet;  the  ledge  then  runs  along  50  feet  far- 
ther, gradually  narrowing,  where  another  wall  occurs  crossing  it,  after 
which  it  soon  merges  into  the  smooth  wall  of  the  cave.  The  first  of 
these  rooms  had  an  aperture  large  enough  to  crawl  through,  leading  out- 
ward ;  the  wall  around  it  had  been  broken  away  so  that  its  exact  size  could 
not  be  determined ;  all  the  others,  of  which  there  were  about  two  to  each 
room,  were  mere  peep-holes,  about  3  inches  in  diameter,  and  generelly 
pierced  through  the  wall  at  a  downward  angle.  No  sign  of  either  roofing 
or  flooring  material  could  be  found  in  any  of  the  rooms.  Everything  of 
that  kind  has  been  thoroughly  burned  out  or  removed,  so  that  not  a  vest- 
ige of  wood- work  remains.  Wecannotbe  positively  certain  that  they  had 
ever  been  roofed,  the  mild  temperature  of  this  region  hardly  necessitating 
any  other  covering  than  such  as  the  ample  dome  of  the  cave  itself  offered. 
In  the  central  room  of  the  main  building  we  found  a  circular  basin-like 
depression  (a),  30  inches  across  and  10  deep,  that  had  served  as  a  fire- 
place, being  still  filled  with  the  ashes  and  cinders  of  aboriginal  fires,  the 
surrounding  walls  being  blackened  with  smoke  and  soot.  This  room 
was  undoubtedly  the  kitchen  of  the  house.  Some  of  the  smaller  rooms 
appear  to  have  been  used  for  the  same  purpose,  the  fires  having  been 
made  in  the  corner  against  the  back  wall,  the  smoke  escaping  overhead. 
The  masonry  displayed  in  the  construction  of  the  walls  is  very  credit- 
able ;  a  symmetrical  curve  is  preseved  throughout  the  whole  line,  and 
every  portion  perfectly  plumb ;  the  subdivisions  are  at  right  angles  to 
the  front.  The  stones  employed  are  of  the  size  used  in  all  similar  struct- 
ures, and  are  roughly  broken  to  a  uniform  size.  More  attention  seems 
to  have  been  paid  to  securing  a  smooth  appearance  upon  the  exterior  than 
the  interior  surfaces,  the  clay  cement  being  spread  to  a  perfectly  plane 
surface,  something  likea  modem  stucco  finish.  In  many  places,  of  course, 
this  had  peeled  away,  leaving  the  rough,  ragged  edges  of  the  stones 
exposed.  On  the  inner  walls  of  some  of  the  subdivisions  that  appear  to 
have  been  less  used  than  others,  the  impressions  of  the  hands,  and  even 
the  delicate  lines  on  the  thumbs  and  fingers  of  the  builders,  were  plainly 
retained;  in  one  or  two  cases  a  perfect  mould  of  the  whole  inner  surface 
of  the  hand  was  imprinted  in  the  plastic  cement.  They  were  considera- 
bly smaller  than  out  own  bands,  and  were  probably  those  of  women 
or  children.  In  the  mortar  between  the  stones  several  corn-cobs  were 
found  embedded,  and  in  other  places  the  whole  ear  of  corn  had  been 
pressed  into  the  clay,  leaving  its  impression  ;  the  ears  were  quite  small, 
none  more  than  5  inches  long.  In  the  rubbish  of  the  large  house  some 
small  stone  implements,  rough  indented  pottery  in  fragments,  and  a 
few  arrow-points  were  found.  It  is  a  wonder  that  anything  is  found, 
tor  it  is  more  than  likely  that  every  house  has  been  ransacked  time  after 
time  by  wandering  bands  of  Utes  and  Navajos,  who  would  search  with 
keen  eyes  for  any  articles  of  use  or  ornament  left  after  the  first  spolia- 
tion. The  whole  appearance  of  the  place  and  its  surroundings  indicates 
that  the  family  or  little  community  who  inhabited  it  were  in  good  cir- 
cumstances and  the  lords  of  the  surrounding  country.  Looking  out  from 
one  of  their  houses,  with  a  great  dome  of  solid  rock  overhead,  that 
echoed  and  re-echoed  every  word  uttered  with  marvellous  distinctuess, 
and  below  them  a  steep  descent  of  100  feet  to  the  broad  fertile  valley 
of  the  Rio  JSan  Juan,  covered  with  waving  fields  of  maize  and  scattered 
groves  of  majestic  cottonwoods,  the«e  old  people,  whom  even  the  imagin- 
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ation  cau  hardly  clothe  with  reality,  must  have  felt  a  sense  of  secarity 
that  evou  the  iucursious  of  their  barbarian  lees  eonld  hardly  have  dis- 
turbed. 

Soon  after  leaving  the  Casa  del  £co,  as  we  named  the  last  mins,  onr 
trail  bore  away  to  the  right  uik)u  the  plateaus,  which  now  began  to 
encroach  too  closely  upon  the  river  to  ])ermit  us  to  follow  its  coarse,  and 
we  came  to  a  second  line  of  bluffs  which  were  gradually  also  surmoonted. 
The  evidences  of  former  occupation  continue  as  numerous  as  ever,  find- 
ing shape  principally  in  cave-houses,  all  too  near  alike  to  be  described 
without  repetition.  A  novel  feature  at  one  point  is  a  smooth  bluff  of 
cream-colored  sandstone  about  150  feet  high,  with  hardly  a  seam  on  its 
surface,  over  which  has  been  cut  a  series  of  steps.  Upon  the  pile  of 
dt^brift  at  the  left  are  the  ruins  of  some  structure  that  had  bc^n  built  just 
beneath  the  line  of  foot-steps,  and  was  evidently  placed  there  as  an" ap- 
proach to  them,  as'they  only  came  down  to  within  about  12  feet  of  the 
bottom.  A  large  slab  of  rock  l>ing  against  the  bluff  on  the  right  was 
separated  from  it  about  3  feet  at  the  base,  making  a  long,  narrow  pas- 
sage-way, that  cotild  also  be  reached  through  a  small  opening  between 
the  rocks  on  the  right ;  from  within  this  place  it  was  not  difficult  to 
reacli  a  round  bowlder  lodged  above,  from  which  starts  another  line  of 
steps.  The  surface  of  the  rock  has  been  worn  away  to  sach  an  ex- 
tent as  to  nearly  obliterate  some  of  the  holes,  rendeiing  ascent,  at  the 
present  time,  impossible ;  and  as  the  bluff  was  inacc(*ssible  for  two  or 
three  miles  upon  either  side,  we  did  not  reach  the  top  nor  see  from  below 
any  evidences  of  building. 

Our  trail  over  the  bare  plateau  finally  brought  us  down  to  the  San  Juan 
again  just  at  its  junction  with  Epsom  Cieek  and  but  a  short  distance 
above  the  mouth  of  the  Kio  De  Chelly,  where  we  found  a  pleasant  park- 
like  valley,  about  a  mile  in  length,  bordered  by  groves  of  Cottonwood 
and  willows.  The  beds  of  Epsom  Creek  and  the  Rio  De  Chelly  were 
both  perfectly  dry,  like  all  the  tributaries  of  the  San  Juan  west  of  the 
Mancos,  although  in  tlie  latter  were  indications  of  occasional  flooding, 
some  of  the  deeper  pockets  retaining  shallow  pools  of  a  very  red  muddy 
water.  L'i)on  every  side — except  where  the  brocid  valley  of  £pson) 
Creek  opened  northwardly,  with  the  deep  blue  summits  of  the  Sierra 
Abajo  ai)pearing  in  the  vista — steep  rugged  bluffs  of  bare  red  rock  are 
seen,  weathering  occasionally  into  sharp  needle-like  pinnacles,  discerni- 
ble for  long  distances  in  every  dii-ection.  The  San  Juan  emerges  from 
a  considerable  cauon  at  the  head  of  this  little  valley  only  to  sink  into  a 
still  greater  one  below.  The  low  stage  of  water  encourages  us  to  ex- 
plore this  lower  canon  for  a  short  distance,  which  we  could  readily  do 
upon  our  riding-animals,  the  indefatigable  little  Mexico,  our  pack-mule., 
carrying  the  photograi)hic  instruments.  We  penetrated  its  exceedingly 
tortuous  course  about  10  miles,  meeting  no  serious  obstruction,  and  it  is 
likely  conhi  have  gone  much  farther.  The  walls  rise  abruptly,  generally 
perpendicularly,  upon  either  side,  from  1,000  to  2,000  feet  in  height^  bat 
always  with  a  benc^h  covered  with  a  rough  talus  at  the  bottom  border- 
ing tiie  stream.  Former  Hoods  and  the  drifting  sands  from  the  plateaa 
above  have  tilled  up  the  interstices  in  the  rocky  mass,  smoothing  the 
way  over  iIhmu  vn  v  considerably. 

KUINS   01'   THE   Kit)  DE   CHELLY. 

In  the  walls  of  the  caiion  of  the  Chelly,  where  it  opens  into  the  park, 
are  several  great  circular  caves,  averaging  100  feet  in  diameter,  in 
which  ar«^  Mio  remains  of  walls  and  houses,  but  all  very  much  dilapi- 
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dated.  17i)od  a  ledge  on  the  opposite  side  of  the  caiion  is  a  row  of  foar 
boQses,  not  easily  reached,  one  of  which  still  retained  a  roof;  and  in 
another  case,  a  shelter  was  formed  by  inclining  a  row  of  sticks  across 
the  opening  of  the  cave,  with  the  outside  thickly  plastered  with  clay. 
It  had  every  appearance  of  being  a  more  recent  structure,  yet  it  was  in 
the  midst  of  much  older-looking  ones,  and  in  an  almost,  if  not  quite, 
inaccessible  position. 

Over  the  level  surface  of  the  valley  the  older  form  of  ruins,  indicated 
principally  by  broken  pottery,  occurred  in  several  places,  and  also,  on 
a  bench  bordering  the  San  Juan,  just  above  Epsom  Greek,  are  a  num- 
ber of  small  squares  arranged  in  circles,  that  we  have  heretofore  as- 
sumed to  be  places  of  sepulture. 

In  going  southward,  up  the  Ohelly,  we  find  it  necessary  to  avoid  the 
canons  and  make  a  detour  to  the  right,  crossing  a  rugged  depression  in 
the  line  of  bluffs,  to  the  valley  of  a  small  tributary,  then  over  another 
divide  across  the  upturned  edges  of  tlie  great  fold  spoken  of  in  the  first 
part  of  this  article,  to  quite  an  expansion  of  the  valley  of  the  Chelly, 
about  one  mile  square,  covered  with  sagebrush  and  drifted  sand, 
on  the  upper  or  right-hand  side  of  which  we  were  fortunate  enough  to 
find  two  springs  of  cool,  fresh  water,  a  most  delicious  luxury  where  the 
temperature  of  the  water  of  the  San  Juan,  the  coldest  to  be  had,  was 
SO  degrees,  and  the  temperature  of  the  atmosphere  away  up  in  the  hun- 
dreds during  the  day-time. 

The  surface  of  this  valley,  or  small  plain,  contains  indications  of  old 
ruins,  about  which  we  picked  up  many  arrows,  knives,  and  other  stone 
implements,  with  the  ever-present  pottery.  The  wash  of  the  Chelly 
&kirts  one  side  of  the  valley,  with  perpendicular  bluffs  200  to  400  feet 
high,  closely  bordering  its  other  bank.  Above  and  below,  the  opposite 
bluffs  rise  again,  throwing  the  wash  into  deep  canons.  An  examination 
of  the  exceedingly  tortuous  course  of  the  wash  and  its  accompanying 
bluff  line  for  a  distance  of  5  miles  up  and  down  revealed  but  one  ruin 
(Plate  L),  a  very  important  and  interesting  one,  however. 

This  cave-town  occurs  in  a  great  bend  of  the  encircling  line  of  bluffs, 
where  the  wash  makes  a  wide  detour,  and  is  perched  upon  a  recessed 
bench  about  70  feet  above  the  valley.  It  is  overhung  by  a  solid  wall  of 
massive  sandstone  extending  up  over  200  feet  higher.  The  left-hand 
side  of  the  bench  supporting  the  buildings,  sweeps  back  in  a  sharp  curve 
about  80  feet  under  the  bluff,  and  then  gradually  comes  to  the  f^ont 
again  until,  on  the  extreme  right  hand,  the  buildings  are  built  upon  a 
mass  of  debris^  but  partially  protected  overhead.  The  total  length  over 
the  solidly-built  i>ortion  of  the  town  is  545  feet,  with  in  no  place  a  greater 
width  than  40  feet.  There  are  somewhere  in  the  neighlwrhood  of  75 
rooms  upon  the  ground-plan,  with  some  uncertainty  existing  as  to 
many  of  the  subdivisions  on  the  right  hand  in  the  vicinity  of  d  and  e\ 
but  in  the  cave-built  portion  every  apartment  was  distinctly  marked. 
Midway  in  the  town  is  a  circular  room  of  heavily  and  solidly  built 
masonry,  that  was  probably  intended  for  an  estvfa  or  council  hall; 
that  is,  if  we  can  reasonably  assume  any  similarity  in  the  methods  of 
building  or  worship  to  those  of  the  Pueblos  of  New  jVlexico.  Start- 
ing from  this  estufa  is  a  narrow  passage  running  back  of  the  line  of 
houses  on  the  left  to  the  two-story  group,  a,  where  it  ends  abruptly, 
further  access  being  had  through  the  back  ix)w  of  rooms,  or  over  the 
roofis  of  the  lower  front  row,  probably  the  latter,  for  it  is  likely  that 
these  roofs  served  as  a  platform  from  which  to  enter  the  rooms  back 
of  it.  At  the  extreme  lelt-hand  end  a  still  higher  ledge  occurs,  with  the 
overhanging  wall  coming  down  close  to  it,  its  outer  edge  enclosed  by  a 
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Au  after-investigatiou  re\nBaled  the  presence  of  water  in  large  artifi- 
cial reservoirs,  or  tanks,  in  the  cailon  £onito,  just  above  where  we  en- 
tered it  first,  about  which  are  grouped  a  uutnbier  of  old  ruins.  This  has 
been  a  favorite  Indian  wintering-ground,  so  that  the  ruins  here  have 
been  much  modified  by  their  occupation. 
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wall,  with  a  little  store-room  in  its  farther  corner.  This  space  was  re- 
served, probably,  as  an  outdoor  working-room.  All  the  baildings  of  this 
half  arc  of  one  stor^',  with  the  exception  of  the  group  n,  the  residence 
probably  of  the  chief  or  of  some  other  important  family  in  the  comma- 
nity.  The  rooms  just  back  of  it  are  the  storerooms  of  the  family,  where 
the  corn  and  squashes  were  put  away  for  the  winter's  consamption. 
At  the  place  marked  6,  near  these  storerooms,  there  are  two  half-round 
inclosures  of  stone- work,  that  are  very  likely  the  remains  of  small  reser- 
voirs or  springs.  The  rock  back  of  them  is  dug  out  benedth,  and  had, 
even  in  tlie  dry  season,  when  we  were  there,  a  dnmp  appearance,  as 
though  water  was  not  far  removed,  and  might  easily  be  coaxed  to  the 
surface.  The  front  line  of  wall  of  this  left  side  of  the  town  is  built  upon 
a  steep  angle  of  smooth  rock,  with  the  interior  of  the  apartments  filled 
up  with  earth  so  as  to  make  their  floors  level,  bringing  them  a  little 
below  the  passage-way.  in  two  or  three  instances,  as  shown  in  the  plan, 
the  front  wall  has  given  way,  precipitating  all  but  the  back  wall  to  the 
bottom  of  the  cliffs.  Holes  have  been  drilled  into  the  rock  in  a  few 
places  beueat^  the  walls,  evidently  to  assist  in  retaining  theui  in  their 
places. 

The  whole  front  of  this  portion  of  the  town  is  without  an  aperture, 
save  very  small  windows,  and  is  perfectly  inaccessible,  both  from  the 
solidity  of  the  wall  and  the  precipitous  nature  of  the  foundation-rock 
beneath  it.  Admittance  was  probably  gained  from  near  the  circular 
building  in  the  centre,  by  ladders  or  any  other  well-guarded  approach 
Over  the  rocks. 

Going  to  the  right  from  the  estvfa  we  have  to  climb  up  about  8  feet, 
reaching  a  narrow  ledge  that  starts  out  from  the  bluff.  From  here  to 
the  farther  end  the  buildings  are  built  irregularly  over  the  uneven  sur- 
face oir  rocky  debris^  each  house  conforming  to  the  irregularities  by  which 
it  is  surrounded,  but  all,  as  at  d  and  e^  presenting  the  general  arrange- 
ment of  clusters  about  central  courts,  that  served,  in  all  probability,  as 
corrals  for  their  domestic  animals.  Jn  some  places  near  these  corrals 
the  under  surface  has  bioken  away,  disclosing  a  solidly-packed  bed  of 
old  manure,  very  nearly  resolved  into  dust,  and  through  which  were 
scattered  twigs  of  willow,  fragments  of  pottery,  and  sticks  of  cedar. 
Some  of  the  rooms  are  quite  large,  from  15  to  25  feet  in  length.  The 
very  small  rooms  surrounding  them  were  probably  for  storage,  and  in 
some  cases  seem  to  have  answered  the  purpose  of  tire-places,  as  at/,  for 
baking  pottery,  very  likely.  Xone  of  these  buildings,  as  far  as  we  could 
discover,  were  of  more  than  one  story  in  height.  All  the  door-ways  or 
windows  opened  from  wrthin  the  courts  or  corrals,  and  were  unusually 
large,  reaching  in  some  cases  the  whole  height  of  the  wall.  The  front 
line  was  so  broken  down  that  it  was  impossible  to  tell  to  what  extent  it 
was  accessible,  although  we  may  reasonably  infer  that,  with  the  excep- 
tion, perhaps,  of  a  way  for  themselves  and  their  animals,  it  was  not 
readily  so.  The  blutit*  itself  was  easy  to  ascend,  being  composed  of  large 
rocks,  the  spaces  between  being  filled  with  smaller  (liSbris, 

In  their  construction  these  buildings  dift'er  from  any  we  have  yet  met, 
in  the  thickness,  or  rather  thinness,  of  their  walls,  being  very  seldom 
more  than  a  foot,  or  more  fre<inently  between  that  and  six  inches  thick. 
The  stones  of  which  they  are  built  are  in  long,  thin  slabs,  roughly 
trimmed  down  to  the  required  size,  and  laid  in  an  abundance  of  adobe 
mortar.  In  most  of  the  rooms,  both  the  inside  and  outside  have  been 
smoothly  plastered  with  clay,  and,  where  protected  overhead,  still  retain 
that  coating  in  fair  preservation. 

A  few  rods  to  the  right  is  another  smaller  recessed  bench,  upon  which 
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Au  afterinvestigatiou  re\nealed  the  presence  of  water  in  large  artifi- 
cial reservoirs,  or  tanks,  in  the  caiiou  Bonito,  just  above  where  we  en- 
tered it  first,  about  which  are  grouped  a  number  of  old  ruins.  This  has 
been  a  favorite  Indian  wintering-ground,  so  that  the  ruins  here  have 
been  much  modified  by  their  occupation. 
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are  built  two  small  houses,  each  about  teu  feet  square,  and  one  with  its 
roof  still  entire.  The  approach  from  below  is  a  smooth,  rocky  surface, 
so  steep  as  to  be  almost  impossible  of  ascent,  and  with  no  remains  of  any 
other  easier  method  of  gettiug  up. 

At  the  foot  of  the  bluff  beneath  that  portion  of  the  ruin  marked  dj 
in  the  ground-plan,  a  low  bench  rises  about  ten  feet  above  the  surround- 
ing valley,  upon  which  are  indications  of  old  buildings  and  of  other 
remains — our  so-called  burial-places.  Chipped  flint- work  was  plentiful, 
as  we  found  a  number  of  very  beautiful  specimens  of  arrow-points,  per- 
forators, knives,  and  other  domestic  utensils.  In  a  mass  of  debris  at  the 
foot  of  the  two-story  tower,  seven  large  earthen  pots  of  rough  indented 
ware  were  found  imbedded  in  the  soil  and  filled  with  earth.  They  were 
too  fragile  to  admit  of  transportation  upon  pack-animals,  so  we  put  them 
carefully  by  for  future  investigators.  In  the  rubbish  at  the  extreme 
right,  a  handsome  little  jug  or  vase  (see  Fig.  5,  Plate  LXV]  was  found, 
lacking  only  its  handle.  A  careful  search  through  the  very  thick  de- 
posits of  debris  would  undoubtedly  reveal  many  treasures,  and  we  felt 
many  regrets  that  we  could  not  consistently  devote  a  number  of  days 
to  the  pleasant  undertaking.  We  can  only  expect  to  skim  the  surface, 
leaving  to  others  hereafter  the  more  satisfactory  duty  of  exhausting  each 
subject  in  detail. 

In  progressing  southward  we  again  find  it  necessary  to  climb  the  steep 
bluffs  bordering  the  Chelly,  here  so  tortuous  and  walled  up  as  to  be  im- 
practicable, if  not  impassable.  Once  on  top,  however,  we  made  our 
way  with  comparative  ease  over  great  dunes  of  a  very  fine,  yellowish- 
white  sand,  packed  so  solidly  as  to  inconvenience  the  animals  but  very 
little.  Much  the  greater  part  of  the  way  is  over  a  solid  floor  of  bare, 
nearly  white,  sandstone,  rising  into  occasional  dome  shaped  hillocks, 
and  furrowed  by  shallow  ravines.  Sagebrush, juniper,  and piOon  trees 
are  scattered  plentifully  over  the  whole  region,  affording  the  only  re- 
lief to  an  otherwise  perfectly  barren  desert.  Travelling  thus  over  this 
trackless  waste,  we  reach  in  about  fifteen  or  twenty  miles  the  bare  red 
plains  of  the  famous  so-called  diamond-fields  of  Arizona.  Beautiful 
garnets  were  found  scattered  plentifully  over  the  whole  region,  but 
they  could  not  tempt  us  to  linger,  for  the  stin  beat  down  upon  its  arid 
surface  with  such  an  intensity  that  but  for  the  extreme  dryness  and 
salubrity  of  the  atmosphere  it  would  have  prostrated  anything  but  a 
salamander. 

After  crossing  this  plain  we  came  suddenly  upon  a  side  caiion  running 
across  our  course,  seemingly  a  mere  gash  in  the  rocky  plateau,  into 
which  we  were  fortunate  enough  to  find  a  practicable  way  for  ourselves 
and  animals.  But  what  a  contrast!  A  smooth  sward  of  grass,  and 
thick  patches  of  the  tall  reedy  kind  peculiar  to  damp  localities,  made  a 
change  grateful  to  both  man  and  beast.  Continuing  down  this  canon — 
which  has,  in  consequence  of  its  inviting  appearance,  been  called  the 
Caiion  Bonito  Chiquito — a  couple  of  miles  brings  us  the  wash  of  the 
Chelly  again,  bordered  with  groves  of  fine  old  cottonwoods,  but  its 
bed,  in  which  were  pools  of  clear  water,  was  so  deep  as  to  be  almost 
inaccessible.  A  band  of  wandering  Navajos  just  before  us,  with  largo 
flocks  of  sheep,  had,  however,  made  a  way  down  that  we  found  prac- 
ticable. 

An  after-investigation  revealed  the  presence  of  water  in  large  artifi- 
cial reservoirs,  or  tanks,  in  tiie  caiion  Bonito,  just  above  where  we  en- 
tered it  first,  about  which  are  grouped  a  number  of  old  ruins.  This  has 
been  a  favorite  Indian  wintering-ground,  so  that  the  ruins  here  have 
been  much  modified  by  their  occupation. 
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Two  miles  down  the  canon  of  the  Chelly  we  found  the  bouse  shown  in 
Plate  XLVII.  Its  situation  is  very  similar  to  that  of  the  town  shown 
in  Plate  19,  but  it  is  overhung  by  a  less  height  of  the  ImpeDdiog  bluff. 
It  was  reached  from  the  valley  by  a  series  of  steps  cut  into  the  rock, 
but  now  so  ercKled  away  as  to  be  impracticable.  It  is  accessible  now  by 
way  of  the  ledge,  some  10  or  12  rods  in  length,  which  extends  to  the 
left  from  the  house,  but  affords  a  very  narrow  and  ])recarious  footing. 
At  the  time  of  o(H!upaiicy  this  was  walled  across,  with  possibly  a  way 
for  getting  over  or  around,  for  this  ledge  communicated  directly  with 
the  plateau  above,  where  there  are  the  remains  of  what  was  i)ossibly  a 
corml. 

The  house,  20  feet  in  height,  consists  of  two  stories,  built  against  the 
sloping  back  wall  of  the  bluft';  the  lower  story  is  18  by  10  feet  square, 
divided  into  two  rooms,  one  slightly  smaller  than  the  other,  with  a  com- 
municating door  between,  and  a  large  door  opening  outward  from  tlie 
larger  one.  Tiie  upper  tioor  appears  to  have  been  all  in  one  room,  with 
one  large  window  facing  outward,  and  several  smaller  ones  in  the  side 
walls.  Extensions  existed  upon  either  side,  and  also  some  kind  of  stroct* 
ure  in  front,  probably  a  sort  of  platform  house,  covering  the  lower  door- 
way. To  the  right  t  he  ledge  grows  narrower,  and  gradually  merges  into 
the  perpendi<;ular  blufl ;  40  ieet  from  the  house,  on  this  ledge,  are  the 
remains  of  a  wall  across  it.  About  20  rods  above,  at  the  foot  of  the 
bluff,  there  is  a  deep  natural  reservoir  of  water,  formed  by  the  accumo- 
lated  rains  u))on  the  plateau  above  pouring  t)ver  the  rocks  and  scooping 
out  a  basin  *J0  feet  in  diameter  and  fully  as  deep,  that  seems  to  retain  a 
perpetual  sui)ply  of  water. 

»ar  our  camp,  just  at  the  junction  of  the  two  canons,  and  on  the  flat 
surface  of  the  sage-covered  valley,  is  a  row  of  small  squares  marked  out 
by  large  stones,  such  as  have  already  been  described,  standing  on  end. 
In  this  case  the  squares  were  of  such  careful  construction  and  size  as 
to  encourage  us  to  dig  into  them  to  a  considerable  depth.  Beyond  the 
s<*attered  bits  of  charcoal,  very  sparingly  deposited  in  this  instance, 
however,  nothing  was  found. 

Five  miles  above  the  ciifmn  B<»nito,  the  Chelly  expands  into  a  wide 
valley  that  exten<ls,  with  only  slight  interruptioUvS,  to  the  foot  of  the 
canon  I)e  Chelly,  at  the  northern  end  of  the  Tunecha  Mountains.  It  is 
hordered  by  low  but  abrupt  sandstone  bluffs,  which  have  been  broken  into 
isolated  monuments  in  some  places,  that  stand  like  huge  sentinels  upon 
either  hand,  as  if  to  warn  the  traveller  from  the  desolation  surrounding 
him.  Although  the  bluffs  contain  numerous  great  circular  caves,  favor- 
ite building-places  of  the  ancient  builders,  we  lind  only  two  or  three  ruins 
of  that  kind,  and  these  only  in  the  lower  end  of  the  valley,  the  last  wo 
noticed  being  about  eight  miles  above  the  canon  Bonito.  This  was  the 
largest  and  most  important  one  in  this  vicinity,  occu]>ying  a  large  circu- 
lar cave  very  similar  to  the  one  of  the  San  Juan,  divided  into  twelve  or 
tifteen  rooms,  with  a  large  corral  or  court,  and  an  elevated  ben<'h  on  one 
side,  with  a  low  wall  running  around  its  front  edge.  This  had  beeu 
o<'cupied  by  the  Xavajos  for  corraling  their  sheej). 

Over  the  broad,  tlat,  valley,  sage  covered,  sandy,  and  monotonous, 
and  through  which  the  wide  shallow  wash  meandered  from  side  to  side, 
we  found  frequent  indications  of  its  former  ocrcupancy  by  the  old  iH?ople 
whom  we  have  been  following  up.  These  indications  extend  southward 
until  they  are  lost  in  ihe  cultivated  region  about  the  head  of  the  valley. 

There  were  no  more  remains  of  stone-built  houses,  nor  the  slightest 
sign  of  one ;  all  were  probably  of  adobe,  the  only  clew  in  many  cases  being 
simply  a  slight  mound  with  considerable  quantities  of  broken  iK>ttery 
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fturroandiiifir  it.  Ei^bt  miles  up  the  canon  De  Chelly  are  the  ruins  of  a 
cave-town  very  mneh  like  the  one  described  (Plate  L),  but  much  smaller, 
and  with  a  ruined  mass  of  bouses  at  the  foot  of  the  bluffs  below  the  cave- 
like  bench.*  About  the  head  of  the  valley  the  Navajo  Indians,  taking 
advantage  of  the  water  which  comes  down  thus  far  from  the  mountains 
to  the  east,  have  under  cultivation  several  hundred  acres,  planted  with 
corn,  pumpkins,  and  melons.  From  here  our  trail  to  the  Moqni  settle- 
ments branched  off  in  a  southwesterly  direction  to  a  low  divide  under 
the  southern  end  of  the  Mesa  Vaca,  where  it  turned  nearly  south  and 
hardly  deviated  from  a  bee-line  for  a  distance  of  nearly  40  miles  to  Tegua, 
the  nearest  of  the  Moqui  towns. 

We  will  not  now  stop  to  discuss  the  question  as  to  what  connection 
may  have  existed  between  the  ancient  builders  of  the  San  Juan  and  the 
present  semi-civilized  people  known  as  the  Moquis,  but  return  to  the 
mouth  of  E|>som  Greek  and  describe  the  many  curious  remains  found 
north  of  the  San  Juan,  all  of  which  bear  some  relationship  to  those  of 
the  Hovenweep  already  noticed. 

BUINS  OF  EPS03I  CREEK. 

Fifteen  miles  up  Epsom  Greek  a  side  caiion  comes  in  from  the  left, 
down  which  trickles  a  scanty  stream  of  brackish  water  with  the  pecu- 
liarity of  taste  and  action  which  has  given  the  name  to  the  whole  val- 
ley. Gamping  here,  we  extended  our  observations  up  this  lateral  caiion 
8ome  8  or  10  miles  in  quest  of  ruins,  and  found  them  numerous  enough 
to  satisfy  our  most  earnest  desire,  although  not  of  the  importance  of  the 
greater  ones  of  the  San  Juan  and  De  Chelly.  All  were  of  the  small  cave 
kind,  mostly  mere  '*  cubby  •holes,''  but  so  smoke-blackened  inside  and 
showing  other  marks  of  use  as  to  convince  us  they  had  long  been  occupied 
but  not  during  any  very  recent  period.  In  the  generality  of  cases  they 
i;?ere  on  small  benches  or  in  shallow  caves  situated  near  the  bed  of  the 
stream,  but  the  farther  up  stream  we  went  the  higher  they  were  built 
in  the  bluffs.  In  one  instance  a  bluff  several  hundred  feet  in  height  con- 
tains half  a  dozen  small  houses  sandwiched  in  its  various  strata,  the 
highest  being  150  feet  above  the  valley.  Each  consists  of  but  one  room, 
and  one  of  them  is  a  [)erfect  specimen  of  adobe-plastered  masonry,  hardly 
a  crack  appearing  upon  its  smoothly -stuccoed  surface.  A  short  distance 
above  the  entrance  to  the  caiion  a  square  tower  has  beeu  built  upon  a 
commanding  point  of  the  mesa  (Plate  LI),  and  in  a  position  perfectly  in- 
accessible so  far  as  any  means  at  our  command  were  concerned.  The 
stones  of  which  it  is  composed  are  of  a  very  nearly  uniform  size,  more 
80  than  in  any  of  the  buildings  we  have  seen  west  of  the  Hovenweep. 

Upon  the  opposite  side  of  the  main  Epsom  Creek  Valley,  and  on  top 
of  the  high  bluffs  of  sandstone  which  border  it  for  nearly  its  whole 
length,  we  found  some  cave-houses  in  a  most  singularly  out-ofthe-way 
place — in  the  very  last  place  in  the  world  where  one  would  expect  to 
find  them.  Scaling  the  blutt*  at  the  very  imminent  risk  of  our  necks,  we 
came  suddenly  upon  a  broad  oj)eu  cave,  near  the  top,  containing  the 
usual  style  of  stone-built  and  mu<l  plastered  houses,  divided  into  four 
or  five  apartments,  of  just  the  size  and  number  that  would  be  required 
by  an  ordinary  family  of  eight  or  ten  persons.  Ou  top  of  the  bluff  we 
found  the  remains  of  a  very  old  circular  tower  40  feet  in  diameter,  the 
stones  all  crumbled,  rounded,  and  moss  covered.  Near  b}^  were  remains 
of  two  other  cave  habitations. 

•  Report  of  Lieut.  J.  H.  Simpson  of  an  Expedition  in  the  Navajo  Country.  Ex.  Doc. 
No.  04,  lUst  Congress,  1st  session. 
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A  few  miles  farther  np  tbe  Epsom  Valley,  passing  a  number  of  old 
rnins  hardly  worthy  of  mention,  we  came  u|)on  an  important  gionp,  that 
was  evidently  tbe  centre  of  the  surrounding  population — a  place  of  wor- 
ship or  of  general  congregation — an  aboriginal  shire-town. 

It  lay  upon  both  sides  of  a  small,  dry  ravine,  some  20  or  30  rods  back 
from  the  bed  of  tbe  creek,  and  consisted  of  a  main  rectangular  mass,  60 
by  100  feet  squ.ire,  occupying  quite  an  elevation,  dominating  all  the 
others.  Just  below  it,  and  close  upon  the  edge  of  the  ravine,  was  a 
round  tower  25  feet  in  diameter ;  and  75  feet  below  that,  and  also  close 
to  the  ravine,  was  a  square  building  20  feet  across,  nearly  obscured  by 
a  thicket  of  pinoutrees  growing  about  it.  On  the  opposite  bank  were 
two  small  round  towers,  each  15  feet  in  diameter,  with  two  oblong  struct- 
ures between,  12  by  15  feet.  At  right  angles  to  these  four,  which  were 
arranged  in  a  straight  line,  another  square  building  occurred,  the  same 
size  as  the  one  just  opposite  on  the  other  bank.  Portions  of  the  walls 
of  the  towers  and  a  few  courses  of  stone  in  the  walls  of  the  smaller 
square  buildings  remained,  but  in  the  large  ruin  the  walls  were  merely 
indicated  by  great  mounds  of  crumbling  rock,  with,  however,  the  sub- 
divisions distinctly  marked  into  four  rectangular  apartments.  A  short 
distance  above  ]!Menty  of  water  was  found  in  the  bed  of  the  creek ;  fine, 
large  cottonwoods  bordered  the  stream,  and  the  broad,  fertile  valley 
seemed  a  far  more  desirable  place  of  residence  than  the  forbidding  des- 
olation of  the  Chelly. 

About  thirty  miles  from  the  San  Juan  we  left  Epsom  Creek,  and 
stopped  for  a  night  at  the  head  of  the  caiions  which  run  between  it  and 
the  Montezuma.  We  were  in  the  midst  of  quite  a  thickly-settled,  an- 
cient population,  the  ruins  of  their  habitations  consisting  almost  entirely 
of  the  kind  just  described — low,  rectangular  mounds,  the  original  stroc^ 
ures  so  completely  destroyed  as  not  to  leave  one  stone  upon  another, 
yet  accompanied  always  by  an  abundance  of  the  same  kind  of  pottery 
we  have  found  so  universally  distributed  over  other  localities.  Not  the 
slightest  difterenco  can  be  detected  in  its  general  quality,  nor  can  any 
one  style  of  nitinufacture  or  ornamentation  be  said  to  be  peculiar  to 
any  one  district  or  group  of  ancient  habitations.  It  is  the  same  with 
arrow-points  and  like  work.  Tbe  similarity  of  the  workmanship  exhib- 
ited in  the  cliti-houses,  and  also  in  the  more  extensive  structures  of  the 
lowlands,  although  covering  in  all  probability  two  different  periods  of 
their  existence,  convinces  us  that  the  builders  were  all  one  and  the  same 
people,  scattered  in  families  and  communities  throughout  the  valleys 
and  canons. 

After  leaving  this  last  group  of  ruins,  all  traces  of  them  suddenly 
ceased,  and  in  the  four  or  tive  days  si»ent  in  the  examination  of  the 
country  upon  the  southern,  eastern,  and  northern  flanks  of  the  Sierra 
Abajo,  not  a  single  vestige  was  found  ;  and  this  in,  without  exception, 
the  most  pleasant  spot  we  have  touched  since  leaving  La  Plata.  Clear 
and  cold  mountain-streams  ripple  down  through  ravines  overhung  by 
groves  of  willow,  maple,  and  quaking-aspen,  with  splendid  oaks  and 
stately  pines  scattered  over  the  uplands,  and  an  abundance  of  rich,  nu- 
tritious grass  everywhere,  that  our  poor,  half-starved  animals  knew  well 
how  to  appreciate.  Tbe  black-tail  deer  and  grouse  were  in  goodly  num- 
bers, starting  up  from  under  our  very  noses,  and  leading  our  hunters 
many  a  long  chase. 

Leaving  half  of  our  little  party  of  six,  and  all  the  animals  but  those 
we  rode  and  tbe  trusty  Mex.  with  the  apparatus,  we  made  our  way 
down  through  the  deep  and  narrow  canons  that  lead  from  the  plateau 
country  into  the  great  basin  that  lies  between  the  Sierra  Abajo  and  the 
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Sierra  La  Sal,  and  spent  two  days  in  the  examination  of  its  arid  surface, 
which  is  covered  with  monumental  rocks  and  ridges,  bat  without  com- 
ing across  so  much  as  a  piece  of  pottery  or  an  arrow-point. 

RUINS  OF  MONTEZUMA  CASfON. 

• 

Turuing  our  backs  uix)n  the  Abajo  Peaks,  we  struck  out  northeasterly 
over  the  plateau,  but  soon  finding  a  trail  bearing  southeast,  followed  it 
until  we  saw  that  it  was  likely  to  continue  some  time  upon  the  plateau, 
when  we  branched  off  to  the  left,  and  in  a  short  distance  came  upon  the 
very  brink  of  the  deep  caiion  of  the  Montezuma,  one  of  the  far  reaching 
arms  of  the  main  wash  and  valley  farther  east.  Winding  our  way 
among  rocks  and  scrubby  piiions,  we  almost  literally  tumbled  down  the 
precipitous  descent  of  1,500  feet,  to  a  narrow  bottom,  walled  in  first  by 
a  broad  belt  of  massive  white  sandstone,  rising  almost  perpendicularly 
from  20  to  50  feet  above  the  valley;  above  that  the  dark  red  and  shaly 
sand-rocks  rose  up  in  receding  benches  1,000  feet  to  a  broad  tablet  of 
white  sandstone  on  top,  so  high  up  that  it  seemed  to  shut  out  all  the  world 
and  to  leave  us  as  engulfed  in  the  bosom  of  the  earth.  A  narrow  but 
deep  ^^  wash"  meandered  from  side  to  side,  containing  just  a  few  scat- 
tered pools  of  stagnant  water,  while  dense  thickets  of  oak  brush,  thickly 
interwoven  with  vines,  rendered  progress  anything  but  pleasant. 

We  had  gone  but  a  few  rods  before  we  commenced  picking  up  pieces 
of  pottery  and  meeting  other  evidences  of  former  occupation.  Within 
three  miles  a  cave-shelter  appeared,  and  then  as  the  valley  widened  it 
was  dotted  in  many  places  with  mounds  thickly  strewn  over  with  the 
ever-accompanying  ceramic  handiwork  of  the  ancient  people  in  whose 
footsteps  we  are  following,  which  occurred  so  frequently  and  to  such  ex- 
tent as  to  excite  astonishment  at  the  numbers  this  narrow  valley  must 
have  supported.  The  line  is  so  sharply  drawn  that  in  an  hour's  ride  all 
traces  of  any  ruins  are  lost;  and  there  is  not  so  much  as  a  piece  of  pot- 
tery to  show  that  these  people  had  ever  extended  their  residence  be- 
yond the  limits  of  their  caiion. 

Soon  other  cave-dwellings  appear,  most  of  them  little  walled-up  circu- 
lar orifices  in  the  rock,  generally  inaccessible,  but  many  were  approached 
by  steps,  or  rather  small  holes  cut  in  in  such  a  manner  as  to  enable  the 
climber  to  ascend  the  rock  as  by  a  ladder.  Two  examples  of  these 
kinds  of  ruins  were  noted,  each  about  40  feet  above  the  valley,  the  first 
perfectly  inaccessible  and  without  the  least  sign  of  the  original  method 
of  reaching  it ;  in  the  other  one  the  walls  once  closing  it  have  been 
pushed  down  so  that  only  traces  of  them  remain;  the  steps  leading  up, 
however,  show  it  to  have  been  considerably  used ;  they  are  now  so  worn 
down  by  the  disintegrating  influences  of  time  as  to  no  longer  answer 
their  purpose. 

Throughout  this  caiion  we  find  frequent  examples  of  footholds  cut  in 
the  rock,  in  the  generality  of  cases  being  simply  a  way  of  scaling  the 
smooth,  nearly  perpendicular  wall  of  sandstone,  which  hems  in  the  canon 
on  both  sides  for  12  or  15  miles;  probably  a  ready  mode  of  escape  up 
the  blufif  should  enemies  appear. 

The  clifi"  and  cave  dwellings,  very  small  habitations,  appear  to  occur 
in  groups,  not  always  in  connection  with  the  old  valley  ruins,  but  rather 
alternate  in  succession  as  we  progress  down  the  caiion. 

In  one  of  the  cave-dwellings,  perfectly  black  with  long-continued 
smokes  inside,  and  bearing  other  marks  of  long  use,  we  found  the  com- 
plete skeleton  of  a  human  being;  the  remains,  as  afterward  determined, 
of  a  young  man  somewhat  under  a  medium  size.  The  excrement  of 
small  animals,  dust,  and  other  rubbish  filled  the  floor  of  the  little  house 
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a  foot  deep,  nearly  burying  the  scattered  bones ;  with  them  were  the 
shreds  of  a  woolen  blanket,  woven  in  long  stripes  of  black  and  white, 
JQSt  such  as  the  Navajos  and  Moquis  make  at  the  present  time.  It  is 
likely  that  the  remains  are  those  of  a  Navajo,  a  people  who  occupied  all 
this  country  up  to  within  a  short  time,  within  the  remembrance  of  the 
older  persons,  and  who  were  driven  beyond  the  San  Juan  by  the  on- 
slaughts of  the  aggressive  Utes. 

Alter  travelling  about  20  miles  from  our  starting-point  at  the  foot  of 
the  mountains,  half  of  the  way  in  the  canon,  we  camped  at  the  inter- 
section of  a  large  canon  coming  in  from  the  west,  traversed  by  a  large, 
well-travelled  Indian  trail,  that  continueil  on  down,  probably  the  same 
one  we  had  crossed  earlier  in  the  day.  At  this  point  the  bottoms 
widened  out  to  200  to  300  yards  in  width,  and  are  literally  covered  with 
ruins,  evidently  those  of  an  extensive  settlement  or  community,  altbongh 
at  the  present  time  water  was  so  scarce — there  not  being  a  drop  within  a 
radius  of  six  miles — that  we  were  compelled  to  make  a  dry  camp.  The 
ruins  consist  entirely  of  great  solid  mounds  of  rocky  ddbria,  piled  up  in  rec- 
tangular masses,  covert  with  earth  and  a  brush-growth,  bearing  every 
indication  of  extreme  age ;  just  how  old  is  about  as  impossible  to  tell  as 
to  say  how  old  the  rocks  of  this  canon  are.  This  group  is  a  mile  in 
length,  in  the  middle  of  the  valley-space,  and  upon  both  sides  of  the  wash. 
Each  separate  building  would  cover  a  space,  generally,  of  100  feet  square; 
they  are  seldom  subdivided  into  more  than  two  or  four  apartments. 
Belies  were  abundant,  broken  pottery  and  arrow-points  being  especially 
plenty,  and  of  excellent  quality.  At  one  place,  where  the  wash  bad  par- 
tially undermined  the  foundations  of  one  of  the  large  buildings,  it  ex- 
posed a  wall  of  regularly-laid  masonry  extending  down  0  feet  beneath 
the  superincumbent  debris  to  the  old  tioor-level,  covered  with  ashes  and 
the  remains  of  half-charred  sticks  of  juni|>er.  From  this  rubbish  a  fine 
example  of  a  stone  axe,  about  the  size  of  one's  hand,  was  found,  with  a 
smooth  and  sharp  cutting  edge,  formed  by  grinding  it  down  to  an  acute 
angle;  its  head  was  roughly  chipped  to  the  required  shape  for  binding 
on  a  handle.  At  another  point  a  small  earthen  bowl,  of  the  superior 
ware  characteri.stic  of  the  peo[>le,  was  found  entire.  No  si)ecial  burial- 
places  were  observed,  but  a  number  of  bones  of  the  lower  extremities  were 
unearthed  at  the  edge  of  the  wash,  without  any  stone-work  above  them. 
There  were  no  cave-dwellings  in  the  neighborhood  of  this  group,  but 
two  or  three  miles  below  several  occured,  one  of  which  is  built  in  a  huge 
niche  in  the  solid  wall  of  the  canon,  with  its  tloor  level  with  the  valley. 

From  the  last  camp  the  caiion  expanded  into  occasional  valleys  from 
500  to  800  yards  across,  and  then  contracted  to  a  mere  narrow  passage, 
but  still  all  shut  in  by  the  high  escarpment  of  the  mesa.  From  either 
side  long  narrow  tongues  or  promontories  extend  out  100  yards,  and 
from  20  to  100  feet  high,  sometimes  connected  with  the  main  wall  by  a 
mere  comb  or  wall  of  rock,  its  extremity,  however,  spreading  out  to  an 
irregularly  oval  shape.  In  the  valleys  are  occasional  isolated  mesas, 
the  remnants,  probably,  of  former  promontories,  left  here  by  the  great 
erosive  powers  which  channelled  out  these  canons.  Within  a  distance 
of  15  miles  there  arc  some  sixteen  or  eighteen  of  these  promontories  and 
isolated  mesas,  of  dift'erent  height,  every  one  of  them  covered  with  ruins 
of  old  and  massive  stone-built  structures.  They  will  average  in  size 
from  100  by  200  feet  square  down  to  30  by  50  feet,  always  in  a  solid  block, 
and,  with  one  exception,  so  nearly  similar  that  a  description  of  one  will 
fairly  represent  all.  This  excepti(mal  instance  is  explained  in  the  sketch 
(Plate  Lll),  and  the  ground  plan  (Fig.  1,  Plate  XLVIII).  The  peculi- 
arity here  consists  principally  in  the  size  and  shape  of  the  stones  em- 
ploycHl,  as  well  as  in  the  design  of  its  ground-plan.    The  ruin  occupies 
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one  of  the  small,  isolated  mesas,  whose  floor  is  composed  of  a  distiDctly 
laminated  sandstone,  breaking  into  regular  slabs  from  18  to  24  inches 
in  thickness ;  these  have  been  broken  again  into  long  blocks,  and  then 
placed  in  the  wall  upright,  the  largest  standing  five  feet  above  the  soil 
in  which  they  are  planted.  The  sketch  in  Plate  Lll  is  a  view  along  the 
line  a  a  Gy  looking  toward  the  round  tower.  Very  nearly  the  entire 
length  of  this  wall  is  made  up  of  the  large  upright  blocks  of  even  thick- 
ness, fitting  close  together,  with  only  occasional  spaces  filled  up  with 
smaller  rocks.  In  one  place  the  long  blocks  have  been  pushed  outward 
by  the  weight  of  the  debris  back  of  it.  One  side  of  the  large  square 
apartment  in  the  rear  is  made  of  the  same  kind  of  rocks,  standing  in  a 
solid  row.  The  walls  throughout  the  rest  of  the  building  are  composed 
of  ordinary-sized  rocks,  with  an  occasional  large  upright  one.  Judging 
from  the  debris^  the  walls  could  not  have  been  more  than  8  or  10  feet  in 
height.  The  foundation-line  was  well  preserved,  enabling  us  to  meas- 
ure accurately  its  dimensions.  The  large  square  room  was  depressed  in 
the  centre,  and  its  three  outside  walls  contained  less  material  than  in 
the  rest  of  the  building.  No  sign  of  any  aperture,  either  of  window  or 
door,  could  be  detected. 

The  far  more  numerous  class  of  ruins  occupying  like  mesas  and  the 
promontory  ])oints  consist  of  a  solid  mass  of  small  rectangular  rooms, 
arranged  without  any  appearance  of  order,  conforming  to  the  irregular- 
ities of  the  surface  upon  which  they  are  built,  and  covering,  usually,  all 
of  the  available  space  chosen  for  their  site.  All  are  extremely  old, 
tumbled  into  indefinite  ridges  5  or  6  feet  high,  and  as  broad,  with  the 
stones  partially  crumbled  into  sand,  and  all  covered  with  sage-brush, 
greasewood  and  junipers.  They  occupy  every  commanding  and  avail- 
able spur  of  the  mesas,  usually  so  placed  in  the  bends  as  to  afford  a  clear 
lookout  for  considerable  distances  up  and  down  the  caiion.  They  resem- 
ble in  this  respect  the  sites  chosen  by  the  Moquis  in  building  their 
villages ;  but  we  are  not  able  to  trace  the  resemblance  further,  from  the 
extremely  aged  and  ruinous  state  in  which  these  remains  are  found. 
Between  these  fortresses  and  on  the  level  bottom-lands,  generally  close 
up  to  the  bluff  upon  either  side,  are  occasional  smaller  ruins,  resembling 
those  at  the  dry  camp.  In  connection  with  these  a  peculiar  feature  is 
shown  in  Plate  LUI.  At  the  foot  of  one  of  the  promontory  towns 
a  low  bench,  tongue-shaped,  and  only  about  10  feet  above  the  valley, 
runs  out  from  the  mesa  200  feet  in  length  and  half  as  broad,  through 
the  centre  of  which  runs  a  wall  its  entire  length;  a  portion  of  it  is  com- 
posed of  the  large  upright  rocks  shown  in  the  sketch,  the  largest  stand- 
ing 7  feet  above  the  surface  and  evidently  extending  some  distance  be- 
low, in  order  to  be  retained  so  firmly  in  their  places.  There  are  only 
seven  of  these  standing,  ]>laced  about  5  feet  apart,  the  rest  of  the  wall- 
line  being  composed  of  a  low  ridge  of  loose  rock  extending  up  to  a  mass 
of  old  ruins  at  the  foot  of  the  bluff.  One  side  of  the  space  divided  by 
this  wall  is  filled  with  a  great  pile  of  rocks  arranged  in  irregular  lines 
inclosing  areas  from  20  to  50  feet  in  diameter,  the  whole  indicating  a 
very  considerable  structure. 

Grouped  among  the  lower  end  of  these  towns  were  a  number  of  the 
small  cliflfhouses ;  a  regular  colony  of  them  occurring  at  the  first  bend 
of  the  West  Montezuma,  about  a  dozen  miles  above  its  junction  with 
the  east  fork.  An  exceedingly  well-preserved  and  peculiar  one  was 
noted.  A  block  of  sandstone  setting  on  the  edge  of  a  mesa  bench  50 
feet  above  the  valley  has  a  deep  oval  hole  worn  in  it,  probably  by  natural 
agencies,  which  is  nearly  entirely  occupied  by  a  very  neatly-built  little 
house  10  feet  long,  6  high,  and  5  deep.  A  space  at  one  end  is  reserved 
just  large  enough  to  serve  as  a  platform  from  which  to  enter. 
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Below  tbe  bend  in  which  these  cliff-bouses  occur,  the  Montezuma 
loses  its  canon  character  and  spreads  out  into  a  wide,  barren  valley, 
thickly  covered  with  tall  sagebrush,  and  the  wash  is  lined  with  large 
cottonwoods.  The  mesas  upon  either  hand  dwindle  down  considerably 
in  height  and  abruptness,  and  seldom  contain  ruins.  The  large  square 
buildings  on  the  bottom-lands,  however,  are  important  features,  and  were 
it  not  for  their  great  number,  and  the  exceeding  indefiniteness  of  their 
outlines,  we  might  linger  longer  and  describe  each  in  detail.  About  all 
are  found  immense  quantities  of  broken' pottery,  many  examples  of 
which  are  shown  in  the  accomi)anying  plates.  Arrow-points  and  like 
chipped  work  were  especially  numerous,  and  a  great  many  of  small  size 
and  great  delicacy  of  finish  were  found. 

It  should  have  been  mentioned  that  running  water  occurs  in  the 
Montezuma  at  the  bend  spoken  of,  and  a  band  of  Weminuche  Utes,  who 
now  occupy  these  caiions,  have  considerable  corn  planted  there.  It  is 
not  impossible  that  formerly  water  was  constant  throughout  the  whole 
length  of  the  region  occupied  by  these  ruins.  Below  the  junction  of 
the  east  and  west  forks  of  the  Montezuma,  the  valley  must  have  been 
always  hopelessly  barren  and  dry,  for  not  a  vestige  of  any  ruin  occurs. 
At  its  mouth  and  along  the  San  Juan,  as  we  have  noticed,  they  api>ear 
at  once  again  in  considerable  numbers. 

Our  investigations  closed  with  a  side  trip  lip  into  some  of  the  sterile 
gorges  between  the  two  forks  of  the  Montezuma,  but  without  any  results 
worth  especial  mention.  A  few  small  cliff-houses  occurred;  and  a  few 
scattered  remains  about  the  open  lowlands.  Upon  the  tops  of  the  mesas 
in  this  vicinity,  as  well  as  upon  those  between  the  Montezuma  and  the 
Hovenweep,  were  old  remains  of  towns.  A  glance  at  the  accompanying 
map  will  give  some  idea  of  their  distribution,  although  those  about  tbe 
head  of  the  West  Montezuma  are  only  located  approximately,  in  the 
absence  of  any  precise  notes  of  its  to^wgrapby. 
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CHAPTER    11. 


EUINS  OF  THE  CHACO  CASON,  EXAMINED  IN  1877. 

INTRODUCTION. 

The  great  ruins  iu  Uie  Chaco  Cauou,  in  Northern  New  Mexico,  are  pre- 
emiueutly  the  finest  exan]]>1es  of  the  namerous  and  extensive  remains 
of  the  works  of  unknown  builders  to  be  found  north  of  the  seat  of  the 
ancient  Aztec  Empire  in  Mexico,  and  of  which  there  is  comparatively 
but  little  known  even  to  this  day.  The  first  published  account  which 
ever  appeared  iu  regard  to  them  is  a  short  reference  to  the  Pueblo  Bonito 
by  Gregg  in  1844.*  His  observations  covered  a  period  of  eight  years 
previous  to  1840.  In  1849  a  military  expedition  under  the  command  of 
Colonel  Washington,  then  military  governor  of  New  Mexico,  was  sent 
against  the  Navajos,  who  were  troublesome  at  that  time,  and  their  line 
of  march  traversed  a  i)ortiou  of  the  canon.  The  report  of  Lieutenant 
Simpson,  t  of  the  United  States  Topographical  Engineers,  who  accompa- 
nied the  expedition,  contained  the  first  detailed  and  authentic  account 
ever  published  of  thei^e  wonderful  ruins,  and  it  has  been  up  to  this  time 
the  only  source  of  information. 

Prof.  O.  Loew  visited  the  Pueblo  Pintado  in  1874,  and  a  short  descrip- 
tion of  it  by  him  appears  in  the  annual  report  of  the  Chief  of  Engineers 
for  1875  :t 

My  visit  to  the  canon  of  the  Chaco  in  the  spring  of  1877  (May  7-15) 
was  made  with  no  idea  of  discovering  anything  new,  but  to  see  for  my- 
self and  thus  be  able  to  compare  more  satisfactorily  the  highest  develop- 
ment of  ancient  architectural  skill  as  exhibited  in  these  ruins  with  the 
extensive  remains  in  tbe  San  Juan  basin,  and  also  with  the  pueblos  of 
New  Mexico  and  Arizona  which  are  still  occupied.  The  results  of  the 
labor  of  four  or  five  days  spent  in  the  examination  of  the  eleven  ruined 
pueblos  that  I  saw  are  mainly  condensed  in  the  accompanying  plates, 
and  they  will  need  but  little  explanatory  text. 

It  was  my  intention  to  heave  reached  the  ruins  from  old  Fort  Defiance 
via  the  Caiion  de  Chelly  and  Washington  Pass  over  the  Tunecha  Mount- 
ains, but  I  experienced  so  much  trouble  in  securing  the  animals  and 

•  Commerce  of  the  Prairies.    J.  Gregg.    New  York,  1844 : 

'*  Of  such  character  are  the  ruiii.s  of  the  Pueblo  Bonito,  in  the  direction  of  Navajo, 
on  the  borders  of  the  Cordilleras,  the  houses  being  generally  built  of  slabs  of  fmo-grit 
sandstone,  a  material  utterly  unknown  in  the  present  architecture  of  the  north. 

Although  some  of  these  structures  are  very  massive  and  spacious,  they  are  generally 
cut  up  into  small,  irregular  rooms,  many  of  which  yet  remain  entire,  being  still  covered 
with  the  vigaSy  or  joists,  remaining  nearly  sound  under  the  azoteaa  of  earth  ;  and  yet 
their  age  is  such  that  there  is  no  tradition  which  gives  any  account  of  their  origin.^' 
(Vol.  1,  p.  284.) 

t  Report  Secretary  of  War,  3lst  Congress,  Ist  session,  Senate  Ex.  Doc.  No.  64. 

t  Report  on  the  Ruins  of  New  Mexico.     By  Dr.  Oscar  Loew,  p.  184. 

Professor  Loew  calls  this  the  Pueblo  Bonito.  The  account  by  Gregg,  just  quoted, 
evidently  refers  to  the  same  ruin,  as  it  is  the  first  one  approached  from  the  east,  and  is 
some  distance  from  the  others,  of  which  he  probably  knew  nothing. 
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assistauce  neces.sary  to  the  nudertakiDg,  that  I  deferred  my  visit  until 
after  my  trip  to  tbe'  Moqui  Pueblos  iu  Arizona.  It  is  soniwhat  singu- 
lar that  so  interesting  a  re^on  shonid  be  so  little  known,  for  but  few  of 
the  persons  residinj:^  about  Defiance  and  Wingate  have  ever  been  to  the 
spot  or  appear  to  know  anything  more  than  the  fact  of  the  existence 
of  the  ruins.  !Many  of  the  Indians  who  reside  near  Defiance  are  familiar 
with  the  locality,  but  dread  to  visit  it  at  this  time  of  the  year  on  account 
of  the  well-known  dearth  ot*  water  and  of  grass  necessary  to  sustain 
their  animals.  Upon  my  return  the  same  difficulty  was  met  with  again, 
but  hearing  of  parties  at  ^an  Ysidro  that  might  assist  me,  1  joumeyetl 
thither,  and  soon  made  an  engagement  with  a  Mr.  Beaumont.  He  was 
not  acquainted  with  the  country  beyond  the  Puerco,  but,  what  served 
my  purjiose  better,  was  a  good  interpreter.  In  the  Pueblo  of  Jemez, 
thVee  miles  above  San  Ysidro.  we  lonnd  Hosta,  the  old  ex  governor  of 
Jemez,  and  the  same  brave-looking  warrior  whose  portrait  appears  in 
Simpson's  Journal,  lie  accom])auied  that  expedition  as  a  guide,  and 
was  then  spoken  of  as  a  fine  looking  and  most  intelligent  Indian,  whose 
vivacity  and  oil-hand  graciousness  made  him  a  great  favorite.  If  his 
estimate  of  his  ])resent  age  is  correct,  he  must  have  been  upward  of 
fifty  years  of  age  at  that  time,  as  he  now  shows  every  indication  ot  bear- 
ing the  four  score  or  more  years  that  he  claims.  His  small  frame  is  bent 
by  disease  and  age,  and  his  dim  water}'  eyes  look  out  through  thiu  locks 
of  straggling  gray  hair  that  but  scantily  cover  his  head.  He  declared 
himself,  however,  to  be  as  good  a  man  as  any  of  us,  and  was  at  once 
ready  to  undertake  the  office  of  guide,  stipulating  only  that  his  grand- 
son, a  lad  of  twelve  or  fifteen  years,  should  accompany  him,  merely  for 
the  use  of  his  eyes,  as  his  own  were  failing  and  he  feared  he  should  not 
be  able  to  recognize  distant  lan<lmarks. 

The  traders  store  at  Jemez  furnished  us  the  only  means  of  outfitting 
short  of  Santa  Fe  or  Fort  Wingate,  but  we  did  not  need  much,  and  all 
our  sui)plies  were  packed  upon  one  mule,  the  three  besides  myself  who 
constituted  the  party  riding  the  same  UNeful  animals. 

Starting  out  early  on  the  morning  oi  May  7,  our  first  day's  journey 
hi'ouglit  us  to  the  bridge  over  the  J*ueM.'<>,  near  the  Cerro  Cabezon.  Late 
rains  had  filled  its  usually  dry  bt^l  with  such  a  llow  of  water  that  we 
judged  it  unwise  to  attempt  any  lord,  and  we  knew  of  no  bridge  above 
this  one,  otherwise  it  would  have  been  a  much  more  direct  course  to 
have  foUowi'd  approximately  the  trail  as  laid  down  on  Simpson's  map. 
From  the  bridge  we  first  journeyed  north waid  four  or  five  miles,  then, 
entering  a  narrow  cafioii,  i)oie  olf  northwesterly,  and.  after  crossing  a 
low  divide,  came  in  about  four  miles  more  to  theCaiiada  del  Lumbre.  in 
the  bed  of  which  we  found  a  lew  pools  of  water.  Crossing  another  low 
<livide  an  hours  ride  brought  us  to  the  valley  of  the  Torrejon.  There  is 
some  good  land  here,  which  has  been  utilized,  as  long  as  Ilosta  can  re- 
member, by  the  Xavajos,  for  planting  corn.  Occasional  cottouwoods 
line  the  banks  of  the  dry  arroyo,  and  impart  a  little  Ireshuess  to  an 
otherwise  desolate  monotony.  Two  miles  above  where  we  came  into 
the  vfilley,  are  a  number  of  large  water-i»ockets.  the  wt)rk  of  the  agricul- 
turists, who  are  now  just  beginning  to  break  the  soil.  Four  or  five  miles 
beyond  this  point  the  valley  narrows  to  a  canon  and  the  dry  arroyo  in- 
creases in  dei»th  so  that  it  is  dillieult  to  cross.  In  this  we  were  finally 
compelled  to  make  our  camp,  as  it  allorded  the  oidy  grass  for  our  ani- 
mals, an  accitlental  pool  furnishing  the  necessary  water. 

After  iin  hruir's  ride  on  the  following  day  we  left  the  Torrejon  to  our 
right,  where  a  broad  open  valley  opened  out  to  the  north,  and  kept  on 
in  our  almost  due  northwest  course,  rising  almost  imperceptibly  over  it 


JACKSON]  RUINS   OF   CHACO   CANON,    NEW   MEXICO  433 

comparatively  level  country  to  the  CoDtinental  divide.  On  our  right 
hand  were  several  prominent  mesas  and  some  small  conical  biittes,  oth- 
erwise the  near  landscape  presented  no  marked  features.  In  the  ex- 
treme distance,  however,  the  Cerro  Oabezou,  the  San  Mateo,  and  the 
Jemez  Mountains  were  almost  constantly  in  full  view.  The  transition 
from  the  drainage  of  the  Bio  Grande  to  that  of  the  Eio  Colorado  is  so 
nearly  imperceptible,  that  we  could  not  tell  within  several  miles  where 
the  true  divide  lay.  Everything  about  us  indicated  that  we  were  trav- 
elling upon  the  summit  of  a  high  |  lateau,  in  which  the  caiious  of  the 
Chaco,  Torrejon,  and  Largo  have  their  origin  in  scarcely  perceptible  fur- 
rows. From  the  point  where  we  left  the  Torrejon  to  where  the  Chaco 
fairly  commenced  is  about  12  miles.  There  is  here  a  broad  valley,  with 
every  appearance  of  having  been  covered  with  standing  water  which  had 
evaporated  and  left  the  surface  covered  with  a  thin  layer  of  whitish 
clay,  which  has  cracked  and  curled  up  into  a  thousand  fantastic  forms 
under  the  intense  heat  of  the  sun.  Looking  across  its  desolate  waste  a 
mirage  danced  constantly  on  the  horizon,  magnifying  the  insignificant 
sage  bushes  and  the  low,  rolling  hills  into  great  oaks  and  distant  mount- 
ains. After  passing  this  plain  the  low  hills  upon  either  side  converge 
ill  such  a  manner  as  to  leave  but  a  narrow  passage  between  them,  and 
here  the  bed  of  this  arm  of  the  Chaco  first  takes  definite  shape.  From 
the  summit  of  the  hill  on  the  right  the  first  of  the  great  ruins  may  be  easily 
discerned  with  the  naked  eye  some  six  or  seven  miles  away.  A  short  dis- 
tance farther  and  we  found  some  water-pockets  formed  by  an  obstruction 
in  the  bed  of  the  arroyo.  A  few  families  of  Navajos,  with  large  numbers 
of  sheep  and  some  horses,  were  camped  near  by.  The  previous  season 
they  had  planted  considerable  ground  in  corn,  drawing  off  by  acequias 
the  water  which  occasionally  finds  its  way  into  the  arroyo,  and  flooding 
the  loose,  porous  soil  adjacent  to  it.  By  a  little  prudent  forethought  in 
storing  water  at  the  right  time,  they  are  enabled  to  reclaim  what  would 
otherwise  be  an  unprofitable  waste.  While  yet  four  or  five  miles  away 
the  ruins  loom  up  prominently,  resembling  at  this  distance  a  ledge  of 
dark-brown  sandstone,  and  it  is  only  when  within  less  than  a  mile  that 
•we  recognize  its  true  character.  We  were  fortunate  enough  to  find  a 
pool  of  shallow  water  and  some  good  grass  near  the  ruin.  The  arroyo 
itself,  which  is  here  some  10  or  12  feet  deep,  was  perfectly  dry,  the  little 
depressions  in  the  grassy  soil  of  the  level  valley  retaining  water  much 
longer  than  the  bed  of  the  streams. 

THE  PUEBLO  PINTADO. 

The  ruins  of  the  Pueblo  Pintado*  occupy  a  bench  of  some  2^  or  30  feet 
elevation  above  the  valley  where  we  are  camped,  and  this  bench  runs 
back  into  rolling  hills  and  mesas  covered  with  juniper  and  piuon  trees. 
On  the  side  of  the  bluft*  facing  the  valley  is  an  outcrop  of  a  yellowish- 
gray  sandstone,  showing  in  some  places  a  seam  of  from  12  to  18  inches 
iu  thickness,  where  the  rock  breaks  into  thin  slate-like  layers.  It  was 
from  this  stratum  that  most  of  the  material  in  the  walls  was  obtained. 

*Tlii8  is  the  oue  undoubtedly  referred  to  by  Gregg  as  tho  Pueblo  Bonilo.  Professor 
Loew  refers  to  it  under  the  same  uame.  I  have,  bowever,  adopted  tbroughout  tbe 
names  given  by  Simpson.  He  tbus  refers  to  tbis  one.  It  is  ^'  called,  accordirg  to  somo 
of  tbe  Pueblo  Indians  witb  ns,  Pueblo  de  ManUzuma,  and  according  to  tbe  Mexicans, 
Ptuhlo  Colorado,  Ilosta  calls  it  Pueblo  de  Ratones;  Sandoval,  tbe  friendly  Navajo  cbief 
with  us,  Pueblo  Grande ;  and  Carravabal,  onr  Mexican  guide,  wbo  probably  knows 
more  about  it  tban  any  one  else,  Pueblo  Pintado,'*  It  will  readily  be  inferred  from  tbe 
above  tb».t  none  of  these  names  give  any  indication  whatever  of  those  in  use  daring 
the  occupancy  of  tbe  pueblos. 
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Keferriiig  to  tbe  (^roand  plan  (Plate  LV ;,  which  is  the  resalt  of  carefal 
rnea.^ureineiit.s  carried  mainly  over  the  floor  of  the  second  story,  it  will 
be  Mreri  that  the  princiiial  iK)rtion  consists  of  an  L  shafied  bailding,  the 
two  win^s  of  which,  lacing  south  and  east  within  20  degrees,  measure 
upon  their  exterior  surfaces  2.'iS  and  174  feet.  The  extremities  of  these 
wings  are  connected  by  a  wall  or  row  of  small  houses  springing  in  an 
arch  from  one  to  the  other.  Many  of  the  small  apartments  in  this  row 
have  their  walls  so  well  preserved  that  they  can  be  readily  measared. 

Almost  the  entire  area  of  the  court  thus  enclosed,  approximately  200 
feet  by  IGO  feet,  [iresents  a  very  irregular  and  broken  surface,  as  though 
it  had  been  nearly  all  occupied  by  underground  apartments,  the  roofs 
of  which  fulling  in  jiroduced  the  great  depressions  and  mounds  whicb 
now  exist.  The  two  outer  walls,  which  are  now  standing  in  places  about 
30  feet  in  height,  indicate  an  original  elevation  of  at  least  40  feet,  un- 
broken by  any  apertures  excepting  the  smallest  kind  of  windows.  The 
northern  walls  jiresents  the  largest  unbroken  surface.  The  northwest 
corner  and  the  western  wall  are  much  more  broken  down.  The  two 
interior  longitudinal  lines  of  wall  in  both  wings  are  intact  thronghont 
most  of  their  length  to  the  top  of  the  second  and  third  stories,  while 
the  wall  facing  the  court  barely  extends  up  into  the  second  story.  lu 
the  northwest  angle  of  the  court  are  two  circular  rooms  or  estufas*  the 
best-preserved  one  of  which  is  built  into  the  main  building  and  forms  a 
portion  of  it,  while  the  other  stands  outside,  but  in  juxtaposition,  and 
is  evidently  a  later  and  less  perfect  addition.  They  are  each  25  feet  in 
diameter.  The  inside  walls  are  perfectly  cylindrical,  and  in  the  case 
of  the  inner  one  are  in  gf)od  preservation  for  a  height  of  about  5  feet. 
The  bottom  is  filled  with  debris  which  must  be  of  nearly  the  same  depth. 
Two  counter-forts  or  jiillars  of  masonry  of  the  same  character  as  the 
rest  of  the  room  are  built  into  the  circular  wall,  bisecting  it  on  a  line 
the  continuation  of  which  forms  the  inside  front  wall  of  the  north  wall. 
Tiiey  are  L'2  inclR'S  sqiuire,  and  extend  about  li  feet  above  the  i>resent 
floor;  tlicre  are  no  indications  in  the  wall  that  they  had  ever  been  much 
hi^'iicr.  Tiie  outer  (.st^ifn  is  much  more  ruinous,  small  portions  only  of  its 
inner  walls  remaining  intact.  This  has  tour  equidistant  counter-forts, 
but  they  are  phu-ed  diajjconally  with  the  square  which  encloses  the  cirrle 
instead  of  at  rigiit  angles  to  it,  as  in  the  case  of  the  first  one.  l>otb 
rooms  an*  enclosed  within  squares,  the  space  between  the  circular  rooms 
and  tiie  en<:losing  .squares  being  lilled  in  with  solid  masonry.  The  out- 
around  the  outrr  t:>>hit'n  is  entin*lv  ruined,  while  that  about  the  inner 
one  is  in  very  good  pres(»rvation.  There  are  no  side  apertures,  so  that 
light  and  access  was  jirobaldy  obtained  through  the  roof.  These  «^/«/''*, 
wiiicli  ti;;iire  so  ]»nmiinently  in  these  ruins,  and  in  fact  in  all  the  aneieiit 
ruins  extending  southward  from  the  basin  of  the  Itio  San  Juan,  are  so 
identical  in  their  structure,  ])osition,  and  evident  uses  with  the  similar 
ones  in  the  pueblos  now  inhabited,  that  they  indisputably  connect  one 
with  the  other,  and  show  this  region  to  have  been  covered  at  one  time 
with  anumeions  iHjjudation,  of  which  the  present  inhabitants  of  the 
jHieblos  of  Moqui  and  of  New  Mexico  are  either  the  remnants  or  the 
ilescendants.  Among  the  modern  pueblos,  some  of  these  <.s7/(/Jm  lue 
either  rountl  or  hcjuare  subterranean  rooms  apart  from  their  dwellings; 
wliih*  among  others  they  are  simply  large  rooms,  not  otherwise  distiu- 
guishable  from  the  living-rooms  in  the  main  body  of  the  building. 

' r.htufa  is  ii  iS]»;iiiisli  wuid,  tlio  liltMul  liaiisljition  ot'  which,  as  hiTO  iqiiilii-d.  i?  a 
B\v»;at -house.  This  in  trno  in  hut  a  liiuittHl  sense.  They  are  more  propiTly  conmil- 
rooiiis,  lo  which  th»;  iiu'ii  retire  lordelilx^alioii.  and  for  the observancfs of  tht-ir  |»:i^aa 
ri'lij;ion.  No  name  has  l)een  (Miincd  which  better  expresses  their  character:  hence  the 
abuve  has  obtained  general  apxdicatiou. 
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Besides  the  two  estnfaa  within  the  coart^  there  is  another  jnst  outside 
at  the  southwest  corner,  fully  50  feet  in  diameter,  enclosed  within  a  rec- 
tangle measuring  56  by  80  feet.  Twenty-four  feet  of  one  end  of  this  is 
divided  into  six  or  seven  apartments.  These  are  exactly  opposite  the 
end  of  the  west  wall,  with  a  passage-way  of  about  50  feet  between.  In 
the  centre  of  this  space  is  a  depression  and  other  indicatious  of  what 
was  probably  an  underground  room.  Besides  the  three  circular  rooms 
just  described,  which  were  not  in  reality  subterranean,  there  were 
nudoubtedly  many  others  within  the  court,  as  already  conjectured, 
which  were.  These  may  have  been  simply  underground  workrooms. 
Among  the  "^^^^uis  it  is  a  common  practice  for  both  men  and  women 
to  resort  to  .nderground  rooms  or  estvfas  to  work  at  their  looms 

or  other  simiic^r  occupation,  as  they  are  delightfully  cool  during  the 
hot,  burning  liys  of  summer,  and  warm  and  comfortable  in  the 
winter.  Beneath  the  ground  plan  in  Plate  LY  is  a  section  through  a 
restoration  of  the  pueblo  from  north  to  south,  showing  the  manner  in 
which  the  stories  were  probably  terraced  from  the  interior  of  the  court 
outward.  There  is  no  positive  evidence  in  any  of  these  ruins  that  they 
were  thus  built,  but  this  arrangement  naturally  suggests  itself  as  being 
the  only  way  in  which  light  and  ease  of  access  to  the  inner  rooms  could 
be  readily  obtained.  It  is  also  quite  certain  from  the  character  of  the 
standing  walls  that  they  were  not  terraced  symmetrically,  but  irregularly, 
after  the  manner  of  the  present  pueblos.  There  is  every  reason  to  be- 
lieve that  the  first  story  was  in  every  case  reached  from  the  outside  by 
ladders,  the  succeeding  stories  being  also  approached  from  the  outside, 
either  by  ladders  or  by  stone  stairways,  after  the  manner  of  the  Moqui 
pueblos.  There  is  no  positive  evidence  to  sustain  any  conjecture  upon 
this  point,  as  in  every  ruin  the  upper  stories  are  so  entirely  dismantled 
that  no  indications  of  any  sort  of  stairway  have  ever  been  found.  The 
gror  ^oor  was  divided  into  smaller  apartments  than  the  second 
fl<  ny  of  the  rooms,  as  shown  in  the  plan,  being  in  the  lower  story 

u  ^tx)  two  or  three.    It  would  be  impossible  to  say  how  high  this 

story  La«^  been,  as  the  floor  is  covered  to  a  considerable  extent  with 
.  s  from  the  fallen  walls.  The  second  floor  was  JO  feet  between  joists, 
e  third  somewhat  less,  about  7  feet,  as  near  as  we  could  judge 
fro.  >elow.  It  is  probable  that  there  was  a  fourth  story,  but  there  is 
nov"  very  little  evidence  of  it.  Not  a  vestige  of  the  vigas  or  other  floor- 
tin  icrs  now  remain.  Some  of  the  lintels  over  the  doors  or  windows, 
c  iiposed  of  sticks  of  wood  from  1  to  2  inches  thickness,  laid  close 
t*.  ^ether,  are  now  in  fair  preservation. 

Hosta  states  that  the  soldiers  of  Colonel  Washington's  command  and 
of  other  scouting  p.arties  caused  a  great  deal  of  the  present  ruin  by 
pulling  out  the  floor-timbers  for  their  camp-fires.  He  also  says  he  can 
distinctly  remember  when  there  were  a  number  of  perfect  rooms.  Every 
room  had  one  or  more  jipertures,  in  the  form  of  small  window-like  door- 
ways, the  largest  of  which  are  24  by  40  inches,  leading  into  neighboring 
rooms.  The  sills  of  these  doors  are  generally  about  2  feet  above  the 
floor.  In  the  west  wall  are  several  large  windows  looking  outward  from 
the  second  story,  and  in  the  north  wall  very  small  ones  only  in  the 
secpud  and  third  stories.  There  were  a  few  very  small  apertures  in  the 
first  story,  mere  peep-holes.  The  walls  of  the  first  floor  are  28  to  30 
inches  thick,  those  of  each  ascending  story  being  a  little  less.  The 
masonry,  as  it  is  displayed  in  the  construction  of  the  walls,  is  the  most 
wonderful  feature  in  these  ancient  habitations,  and  is  in  striking  con- 
trast to  the  careless  and  rnde  methods  shown  in  the  dwellings  of  the 
present  Pueblos.    Those  of  Moqui,  Taos,  and  probably  Acoma,  were  in 
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no  better  condition  when  first  discovered  by  tbe  Spaniards,  nearly  three 
handred  and  forty  years  ago,  than  they  are  now,  and  how  mach  older 
these  perfect  buildings  were  then  than  the  rude  piles  of  adobe  and 
nncut  stone  found  by  the  first  conquerors,  the  past  can  only  tell,  and 
that  is  dead  and  burie<1.  The  material,  a  grayish-yellow  sandstone, 
breaking  readily  into  thin  laminae,  was  quarried  from  the  adjacent  ex- 
posures of  that  rock.  In  the  ruin  it  has  weathered  to  a  warm  brown, 
so  that  at  a  distance  it  looks  almost  black.  The  stones  employed  aver- 
age about  the  size  of  an  ordinary'  brick,  but  as  the  larger  pieces  were 
irregular  in  size,  the  interstices  were  filled  in  with  very  thin  plates  of 
sandstone,  or  rather  built  in  during  its  constrnction,  lor  by  no  other 
means  could  they  be  placed  with  such  regularity  and  compactness.  So 
closely  are  the  individual  pieces  fitted  to  each  other  that  at  a  little  dis- 
tance no  jointage  appears,  and  the  wall  bears  every  indication  of  being  a 
plain  solid  surface.  A  clay  mortar  was  used  plentifully  within  the  body 
of  the  wall  but  does  not  appear  anywhere  upon  the  surface.  Great  i)ains 
were  taken  in  the  construction  of  the  door-ways,  the  stones  being  more 
regular  in  size  and  the  corners  dressed  down  to  perfect  right  angles; 
the  same  care  was  given  to  the  openings  in  the  lowest  floor  as  to  those 
in  the  upper.  In  the  northwest  corner  of  the  main  building,  back  of  the 
entnfuH  and  on  the  second  floor,  a  door-way  has  been  constructed  leading 
diagonally  from  one  room  to  another,  which  displays  particularly  nice 
workmanship.  The  lintels  were  in  nearly  ever>'  case  composed  of  small 
round  sticks  of  cedar  or  pine  placed  in  contact,  bnt  in  the  smaller  oi)en- 
iiigs  were  formed  by  a  single  slab  of  stone.  Although  there  is  a  great 
diversity  in  the  size  of  the  stones  employed,  still  they  are  ranged  in  per- 
fectly horizontal  hiyers,  rows  of  the  larger  stones  alternating  with  rows 
of  smaller  ones,  presenting  at  a  little  distance  a  beautifully  laminated 
appeariince. 

In  regard  to  the  number  of  inhabitants,  I  do  not  think  there  were  more 
than  about  200.  There  are  51  rooms  on  the  second  floor,  exclusive  of 
the  CHtvfas  ai.d  outside  buildings.  The  lower  floor  was  composed  of  a 
larger  number  of  rooms,  and  the  third  floor  of  a  less  number,  so  that  in 
the  wlioltt  building  there  are  i)r()bably  about  150  apartments.  Divide 
occupants  into  families  an<l  each  would  ociHipy  on  an  average  four  rooms, 
and  then  if  W(i  allow  live  persons  to  each  family  we  have  -01)  souls  iu 
all,  as  estimated. 

Upon  tiie  southeasti^rn  front,  just  outside  of  the  court,  are  two  rubbish- 
heaps,  tlii^  refuse  carried  out  and  there  deposited  by  the  ancient  occu- 
jiants.  Throughout  the  mass  are  large  numbers  of  fragments  of  painteil 
pottery  and  flint-chippings,  but  nothing  of  any  greater  interest  was  found 
in  tin*  limited  time  at  our  disposal.  The  trail  here  leaves  the  arroyo  of 
the  C'hac^o  to  avoid  a  considerable  bend  which  it  makes  to  the  right.  The 
surface  is  slightly  undulating,  and  in  the  neighborhood  of  the  trail,  both 
above  and  below  the  Pueblo,  is  covered  with  a  number  of  small  old  ruins. 
1  counted  ten  sucli  within  a  mile  of  each  other.  They  are  built  of  stone, 
of  but  one  story,  and  varied  from  30  to  50  feet  in  exterior  dimensions. 

Two  miles  from  the  ruin  we  descended  into  the  canon  of  the  Chaco. 
It  is  here  only  about  50  leet  in  depth,  with  vertical  walls  of  yellowish- 
gray  sandstone.  The  dry  bed  of  the  arroyo  meandering  along  the  .bot- 
tom, almost  entirely  cuts  olf  communication  from  one  side  of  tbe  caiion 
with  the  other.  Numerous  small  cotton  woods  attest  that  there  is  moist- 
nre  somew  here  in  the  neighborhood.  A  two  hours'  ride  brought  us  to  a 
few  water-pockets  or  reservoirs  in  the  bottom  of  the  arroyo,  in  which 
was  a  iflentiful  supply  of  thick,  pasty  water.  Some  families  of  Navajos, 
with  their  sheep  and  goats,  were  camped  near  by. 
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THE  PUEBLO  WE JE  OI. 

Twelve  miles  from  the  Paeblo  Pintado,  and  on  tbe  north  side  of  the 
-cafion,  are  tbe  next  important  mins,  althoogb  we  had  passed  several 
small  ones  on  tbe  way.  Tbe  Paeblo  Weje-gi^  as  Simpson  calls  it,  is  sit- 
uated close  under  tbe  blnff,  and  is  a  rectangalar  structure  built  around 
three  sides  of  an  open  court  which  faces  almost  due  south.  Its  exterior 
dimensions  are  224  by  120  feet.  Tbe  walls  are  still  standing  to  con- 
siderable height  and  indicate  at  least  three  stories.  They  are  built  in 
much  tbe  same  style  as  those  of  tbe  Pueblo  Pintado,  of  small  tabular 
pieces  of  sandstone  arranged  with  a  beautiful  effect  of  regularity  and 
finish.  This  ruin  is  remarkable  for  the  perfect  symmetry  of  the  ar- 
rangement of  the  rooms  and  of  the  estufasy  a  close  scrutiny  and  careful 
measurement  failing  to  detect  any  deviation.  The  rooms  are  small,  tbe 
largest  being  8  by  14  feet  and  tbe  smallest  8  feet  square.  Tbe  estufas 
are  each  30  feet  in  diameter  and  are  placed  just  within  the  two  elbows 
of  tbe  building. 

There  is  not  tbe  least  indication  of  tbe  court  ever  having  been  en- 
closed by  a  wall.  None  of  the  wood-work  now  remains  in  place.  The 
outer  walls,  like  those  in  the  first  ruin  described,  were  built  up  to  the  full 
height  of  tbe  building,  and  were  without  any  aperture  save  the  smallest 
kind  of  windows. 

PUEBLO  UNA  VIDA. 

Two  miles  and  a  half  farther  down  tbe  caiion,and  also  on  the  north  side, 
are  the  ruins  of  the  Pueblo  UnaVida.  At  this  point  the  canon  bends  to 
the  northwest  around  a  promontory  at  the  foot  of  which  are  the  ruins. 
On  tbe  opposite  side  there  is  a  break  for  about  half  a  mile  in  tbe  bluffs, 
which  have  completely  shut  us  in  thus  far,  in  tbe  centre  of  which  space 
stands  a  remarkable  bntte  or  mesa  some  300  feet  in  height.  In  the  gaps 
between  tbe  butte  and  mesa  we  have  fine  distant  views  of  tbe  snow- 
crowned  Sierra  San  Mateo,  or  Mount  Taylor.  Tbe  canon  is  here  about 
500  yards  wide,  and  is  perfectly  level  from  one  side  to  the  other.  Tbe  bed 
of  the  stream  is  a  perfectly  dry  wash,  without  even  an  occasional  pool, 
except  where  it  has  been  secured  by  artificial  means,  as  at  the  place  six 
milesabove  where  tbe  Indians  werecamped.  Lieutenant  Simpson  passed 
through  tbe  canon  in  August,  and  mentions  that  at  this  place  there  was 
a  width  of  8  feet,  and  a  depth  of  1^  feet  of  running  water  in  the 
^rroyo.  It  was  then  in  the  midst  of  the  rainy  season,  however;  but 
heavy  rains  bad  fallen  over  this  part  of  tbe  country  a  few  days  previous 
to  our  visit,  yet  it  appeared  as  if  it  bad  been  subjected  to  a  prolonged 
drought. 

Tbe  Pneblo  Una  Vida  resembles  in  its  ground  plan  quite  closely 
that  of  tbe  Pneblo  Pintado.  It  has  tbe  same  L-sbaped  main  build- 
ing, tbe  two  extremes  of  which  are  connected  by  a  semicircular  wall. 
Tbe  two  wiufi^s  facing  within  a  few  degrees  south  and  east  respec- 
tively, are  274  and  253  feet  in  length ;  tbe  longer  one  running  north  and 
south  over  a  slightly  rising  surfiice,  while  tbe  other,  which  is  at  right 
angles  to  it,  runs  over  a  rocky  knoll  some  15  or  20  feet  above  tbe  general 
level.  Within  tbe  enclosure  are  tbe  remains  of  the  largest  estufa  to  be 
found  in  anj'  of  tbe  eleven  great  ruins.  The  inside  measHrement  from 
wall  to  wall  is  G0.2  feet ;  tbe  masonry  of  tbe  cylindrical  surface  is  perfect 
throughout  most  of  tbe  circle,  and  is  in  places  four  feet  high,  its  upper 
edge  on  a  plane  with  tbe  floor  of  tbe  court ;  it  was  evidently  entirely  subter- 
mnean.  In  tbe  southern  end  of  tbe  longest  wing  are  three  other  estufas^ 
their  interior  walls  in  good  preservation,  tbe  diameters  of  which  are 
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respectively  28,  18,  and  30  feet.  Midway  its  length,  and  back  of  the 
other  wing,  is  a  semicircular  apartment,  the  oatside  walls  being  rec^ 
angular,  the  inside  diameter  of  which  12^  by  25  feet.  Extendinfl:  from 
this  room  toward  the  blnfl;,  and  at  right'angles  to  the  north  wing,  are 
some  lines  of  ruined  walls,  the  details  of  which  are  nearly  indistinguish- 
able. I  have  drawn  them  as  bending  round  towards  a  large  circular 
depression  which  exists  on  the  right  hand,  but  it  is  possible  that  this 
appearance  was  caused  by  the  way  in  which  the  walls  fell,  and  that  they 
were  originally  a  portion  of  a  rectangular  extension. 

The  ruins  of  the  wall  enclosing  the  court  are  low  and  broad,  with  but 
little  masonry  visible.  The  gate-way  or  entrance  seems  to  have  been  at 
the  right  hand  or  upper  end,  just  outside  of  which  is  a  large  rubbish- 
heap.  The  walls  are  in  a  much  better  state  of  preservation  in  the  neigh- 
borhood of  the  three  etttufas.  Everywhere  else  they  are  much  ruined, 
particularly  at  the  angle  of  the  junction  of  the  two  wings,  and  the  gen- 
eral appearance  conveys  the  impression  of  a  much  greater  age  than  any 
of  the  others,  with  one  exception  which  will  be  noted. 

PUEBLO  nUNGO  PAVIE, 

One  mile  farther,  on  the  same  side  and  also  built  close  nnder  the  walls 
of  the  cnfion,  are  the  ruins  of  the  Pueblo  Ilungo  Pavle,  or  Crooked  Nose, 
portions  of  which  are  yet  in  quite  perfect  condition.  It  is  built  like 
Weje-gi  around  three  sides  of  a  court,  but  this  is  enclosed  by  a  semicircu- 
lar wall  reaching  from  one  wing  to  the  other.  The  north  or  main  build- 
ing is  309  feet  long  on  the  outside,  and  the  two  wings  136  feet  each. 
The  ground  plan  represents  a  depth  of  but  three  rows  of  rooms,  and  as 
the  walls  still  indicate  that  there  were  at  least  four  stories,  it  gives  a 
much  greater  degree  of  height  in  comparison  with  breadth  than  any 
of  the  other  ruins.  The  single  estvfa  is  situated  midway  in  the  north 
building  and  appears  to  have  extended  ui)  to  the  toj)  of  the  second  story. 
In  front  of  it  is  a  projection  or  platform  of  masonry,  nearly  as  high  and 
of  the  same  width  us  the  entvfaj  which  extends  some  10  or  12  feet  into 
the  court.  The  interior,  which  is  23  feet  in  diameter,  has  six  counter-forts 
or  s(iuaro  pillars  of  masonry — like  those  of  the  Pueblo  Pintado — built 
into  the  encircling  wall  at  equal  distances  from  each  other,  and  which 
appear  to  have  extended  up  to  the  top.  In  the  northeast  corner  of  the 
ruins  the  walls  are  now  standing  30  feet  high,  showing  a  portion  of  the 
fourth  lloor.  Many  of  the  heavy  pine  logs  that  supported  the  Hooring 
are  still  in  position.  The  height  of  the  second-story  rooms  was  about  5 
feet  and  of  the  third-story  about  7  feet.  The  masonry  is  of  the  same 
character  as  that  already  noticed,  but  the  walls  of  the  first  story  are  of 
unusual  thickness — nearly  3  feet — otherwise  it  has  no  marked  ditierence 
of  features.  The  rooms  of  the  central  portion  of  the  building  are  gener- 
ally long  and  narrow,  while  those  of  the  wings  are  of  the  same  length 
but  wider.  There  are  no  signs  of  masonry  in  the  low  mound  which  is 
all  there  is  left  of  the  wall  which  enclosed  the  court.  Just  outside  of  it, 
near  the  centre,  is  the  usual  mound  of  rubbish,  and  just  inside,  one  of 
the  great  circular  depressions  generally  found  in  the  same  relative 
l)osition  in  nearly  all  the  ruins. 

PUEBLO   OF  niETTUO  KETTLE. 

Two  miles  farther  along  under  the  northern  wall  of  the  eaiiou  we  cam- 
to  the  ruins  of  the  great  Pueblo  of  Chettro  Kettle,  or  the  Kaiu  Pueblo. 
This  is  of  the  «ame  pattern  as  the  Pueblo  of  Ilungo  Pavie,  and  is  the 
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largest  of  the  perfect  rectangles.  Its  oatside  dimensions  are  440  by  250 
feet.  A  semicircnlar  wall  connects  the  two  side  wings.  There  are 
seven  distinctly-marked  estufas,  four  near  the  centre  of  the  main  bnild- 
ing  and  three  near  the  end  of  the  west  wing.  Besides  these  there  are 
indications  of  others  within  the  coart  but  outside  the  building.  The 
four  in  the  centre  are  built  together  in  a  solid  body  and  project  partially 
from  the  main  building  into  the  court;  the  one  on  the  left  project- 
ing farther  than  the  other  three,  which  have  a  row  of  small  rooms 
between  them  and  the  court.  This  lef^hand  estufa  is  also  noticeable 
from  its  height,  rising  as  it  does  above  the  general  level  of  the  ruiu 
about  it.  It  was  originally  divided  into  tliree  stories,  all  above  ground, 
and  the  remnants  by  the  vigas  between  the  first  and  second  floors  still 
remain  in  the  wall.  The  three  others  were  not  so  high  and  were  prob- 
ably not  more  than  one  full  story  in  height.  These  four  averaged  22 
feet  in  diameter.  The  other  three  eatufas  in  the  west  wing,  which  are 
much  mined,  do  not  differ  from  others  we  have  seen.  The  walls  of  the 
pueblo  at  the  northeast  corner  are  fully  35  feet  in  height,  showing  four 
floors  plainly,  and  with  indications  that  theie  may  possibly  have  been 
another.  Many  of  the  floor  timbers  are  yet  ip  place,  those  that  are  in 
any  way  protected  from  atmospheric  changes  remaining  quite  sound. 
The  entire  series  covering  the  rooms  of  the  first  floor  project  through 
the  wall  and  extend  beyond  it  4  or  5  feet.  It  may  have  supported  a 
balcony  on  this,  the  cool  and  shady  side  of  the  house. 

The  following  is  a  description  by  Simpson  of  a  room  seen  by  him  in 
this  pueblo:  '^This  room  is  14  by  17^  in  plan  and  10  feet  in  elevation. 
It  has  an  outside  doorway  3^  feet  high  by  2^  wide,  and  one  at  its  west 
end  leading  into  the  adjoining  room  2  feet  wide,  and,  at  present,  on  ac- 
count of  rubbish,  only  2^  feet  high.  The  stone  walls  still  have  their 
planter  upon  them,  in  a  tolerable  state  of  preservation.  On  the  south 
wall  is  a  recess  or  niche,  3  feet  2  inches  high,  by  4  feet  5  inches  wide  by 
4  feet  deep.  Its  position  and  size  naturally  suggested  the  idea  that  it 
might  have  been  a  fireplace,  but,  if  so,  the  smoke  must  have  returned 
to  the  room,  as  there  was  no  chimney  built  for  it.  In  addition  to  this 
large  recess,  there  were  three  smaller  ones  in  the  same  wall.  The  ceil- 
ing showed  two  main  beams  laid  transversely.  On  these,  longitudinally, 
are  a  number  of  smaller  ones  in  juxtaposition,  the  ends  being  tied  to- 
gether by  a  species  of  woody  fibre,  and  the  interstices  chinked  in  with 
small  stones.  On  these  again,  transversely,  in  close  contact,  was  a  kind 
of  lathing  of  the  odor  and  appearance  of  cedar,  all  in  a  good  state  of 
preservation.''  We  did  not  find  the  room  thus  described,  which  was 
stated  to  be  in  the  northwest  corner  of  the  ruins,  but  we  found  others 
near  the  centre  of  the  north  wing  that  were  in  as  good  a  state  of  preser- 
vation and  to  which  the  above  description  applies,  with  the  exception 
of  some  of  the  details.  These  were  entered  by  holes  that  have  been 
broken  in  the  outer  wall.  At  one  time  there  has  been  a  row  of  windows, 
about  24  by  40  inches  in  size,  all  along  the  first  story.  These,  however, 
bad  been  sealed  up,  but  as  all  other  approaches  had  been  cut  off  by  the 
great  mass  of  fallen  walls,  which  covered  the  regular  approaches,  some 
of  them  were  reoj)ened,  probably  not  long  ago. 

The  general  level  of  the  sandy  surface  back  of  this  ruin  was  nearly  up 
to  the  sill  of  the  windows  and  considerably  above  the  floor  of  the  lower 
rooms.  The  soil  has  undoubtedly  increased  considerably  in  depth  from 
the  accumulation  of  sifting  sand  and  the  disintegration  of  the  high  bluffs 
of  sandstone,  which  are  within  a  few  yards  of  the  rear  wall.  Near  this 
wall  a  coyote  hole  exposed  a  small  section  of  masonry  below  the  surface, 
a  portion  of  a  wall  or  something  of  that  kind,  that  had  become  entirely 
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covered  up  with  sand.  I  was  alone  at  the  time,  witb  no  implement 
whatever  snit(  d  to  an  excavation,  or  I  would  have  iuvestigated  Inrtber. 
The  masonry  of  this  ruin  is  remarkable  for  the  etieet  of  fine  finish 
imparted  to  its  general  appearance.  It  consists  almost  entirely  of  small 
tabular  pieces  of  stone,  although  in  some  portions  of  the  bnilding  the 
material  is  selected  as  to  size,  and  laid  in  parallel  courses.  The  exterior 
walls,  however,  are  compose<l  entirely  of  very  small  pieces,  arranged 
without  order,  but  so  compactly  and  solidly  as  to  ji^ive  the  impression 
of  a  homogeneous  surface,  and  this  is  secured  without  the  aid  of  any 
cement  or  adobe  mortar  appearing  between  the  joints.  I  measured  off 
at  random  a  square  yard  on  the  back  wall  just  behind  the  estufas,  and 
found  that  450  pieces  of  stone  apfx^ared  on  the  surface  within  that  space. 
The  opposite  surface  was  formed  in  like  manner,  but  as  these  stones 
would  form  less  than  one-half  the  thickness  of  the  walls,  the  rest  was 
made  up  of  larger  and  more  irregular  pieces  laid  in  an  abnndaoce  of 
clay  cement.  Imagine  the  industry  and  patience  required  to  build  such 
a  wall. 

In  this  ruin  there  was  at  one  time  a  line  of  wall  runnin;r  aronod  three 
sides  of  the  building,  035  feet  in  length  and  about  40  feet  in  height,  giving 
.37,400  square  feet  of  surface,  and  as  an  average  of  50  pieces  of  stone 
appeared  within  the  space  of  every  square  foot,  this  would  give  nearly 
2,000,000  pieces  for  the  outer  surface  of  the  outer  wall  alone;  multiply 
this  by  the  opposite  surface,  and  also  by  the  Interior  and  transverse 
lines  of  masonry,  and,  supposing  a  symmetrical  terracing,  we  will  find 
that  it  will  swell  the  total  up  into  more  than  30,000,000,  embraced 
within  about  315,000  cubic  feet  of  masonry.  These  millions  of  pieces 
had  to  be  quarried,  dressed  roughly  to  fit  their  places,  and  carefully 
adapted  to  it;  the  massive  timbers  had  to  be  brought  from  a  consider- 
able distance,  cut  and  fitted  to  their  places  in  the  wall  and  then  covered 
with  other  courses ;  and  then  the  other  details  of  window  and  roof  making, 
plastering,  and  construction  of  ladders,  must  have  employed  a  large 
body  of  intelligent,  well-organized,  patient,  and  industrious  jieople, 
under  thorough  discipline,  for  a  very  long  time.  Tiie  remains  of  the 
wall  that  enclosed  the  court  show  it  to  have  been  of  stone  and  to  have 
been  divided  into  apartments,  for  at  regular  intervals  of  about  10  feet 
there  are  lines  of  stone-work  at  right  angles  to  its  trend,  the  same  as 
in  two  other  ruins  at  least  in  which  a  number  of  these  apartments  are 
in  good  preservation,  showing  clearly  their  character.  The  centre  was 
broken,  as  if  for  an  opening  or  gateway,  and  upon  either  hand  outside 
wore  long  mounds  of  rubbish,  the  refuse  of  the  town.  Within  about 
20  yards  of  the  northwest  angle  of  the  ruin,  and  built  upon  a  slight 
nioiind  at  the  base  of  the  blutf,  are  the  ruins  of  a  structure  that  bears 
about  the  same  relation  to  this  pueblo  as  the  similar  one  which  appears 
in  connection  with  the  Pueblo  iMntiulo.  These  adjacent  structures 
also  appear  in  connection  with  most  of  the  ruins  about  to  be  descrilied. 
Although  v(Ty  ruinous,  enough  remjiins  to  show  the  large  circular  room 
in  thci  interior,  with  [>n)bal)ly  two  or  three  other  rectangular  rooms. 

PrEDLO    IIONITCJ. 

I'ive  liundnMl  yards  below  and  also  close  under  the  p^Tpendicnlur 
walls  of  tlM"  cafioii  are  the  ruins  of  the  Pueblo  Honito,  the  largot  luid 
in  some  respects  the  most  remarkable  of  all.  Its  lengtli  is  544  feet  aud 
its  width  .')11  feet.  I>y  referring  to  the  plan  it  will  be  seen  that  it  only 
roughly  approximates  I  he  usual  rectangular  shai)e.  The  two  side  wings 
are  i)arallel  with  each  other,  and  at  right  angles  to  the  front  wall,  fora 
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PUEBLO  DEL  ABBOYO. 

Three  hundred  yards  below  are  the  ruins  of  the  Pueblo  del  Arroyo,  so 
named  probably  because  it  is  on  the  verge  of  the  deep  arroyo  which 
traverses  the  middle  of  the  cafion.  This  was  given  only  a  passing 
glance  by  Simpson,  but  it  well  repays  more  careful  inspection.  It  is  of 
Uie  rectangular  form,  but  with  the  open  space  or  court  facing  a  few 
degrees  north  of  east  The  west  wall  is  268  feet  long  and  the  two  wings 
125  and  135  feet  respectively;  their  ends  connected  by  a  narrow  and 
low  semicircular  wall.  The  wings  are  the  most  massively  built  and 
better  preserved  portion  of  the  whole  building ;  that  portion  which  lies 
between  them  and  back  of  the  court  being  much  more  ruinous  and  dis- 
similar in  many  respects.  The  wa]ls  of  the  south  wing,  which  are  in  the 
first  story  very  heavy  and  massive,  are  still  standing  to  the  height  of 
the  third  story.  Many  of  the  vigas  are  still  in  place,  and  are  large  and 
perfectly  smooth  and  straight  undressed  logs  of  pine,  averaging  10 
inches  in  thickness;  none  of  the  smaller  beams  or  other  wood-work  now 
remains.  There  is  one  estufa  37  feet  in  diameter  in  this  wing.  In  the 
north  wing  the  walls  are  standing  somewhat  higher,  but  do  not  indicate 
more  than  three  stories,  although  there  was  probably  another.  The 
vigas  of  the  second  floor  project  through  the  wall  for  a  distance  of 
about  5  feet  along  its  whole  northern  face  the  same  as  in  the  Pueblo 
Huugo  Pavie.  There  are  two  estufas;  one,  near  the  east  end  of  the  wing 
which  is  27  feet  in  diameter,  was  three  Tories  in  height.  The  floor 
beams  are  removed,  but  the  remains  show  this  plainly.  The  interior  is 
nearly  filled  ui),  but  it  was  originally  over  25  feet  in  depth.  The  ruins 
of  the  other  estufa  are  insignificant  compared  with  this,  and  was  prob- 
ably of  but  one  low  room.  Facing  the  centre  of  the  court  are  remains 
of  what  were  three  circular  rooms.  At  the  end  of  the  wings,  outside  of 
the  building,  are  faint  outlines  of  other  circular  apartments  or  enclosures, 
shown  by  dotted  lines  on  the  plan.  In  the  central  portion  of  the  ruin, 
between  the  two  wings,  some  rooms  have  been  preserved  entire,  i 
crawled  down  into  one  of  these  through  a  small  hole  in  the  covering,  and 
found  its  walls  to  consist  of  delicate  masonry,  thinly  plastered  and  white- 
washed. The  ceiling  was  formed  in  the  usual  manner,  fine  willow  brush 
supporting  the  earthen  floor  above  instead  of  the  lath  like-sticks  or  thiu 
boards  tbat  were  used  in  the  exceptional  cases  noted.  The  arroyo 
is  undermining  the  soil  close  to  the  southwest  corner  of  the  pueblo,  and 
has  already  exposed  some  old  lines  of  masonry,  which  on  the  surface  do 
not  give  any  indications  whatever  of  their  existence.  About  200  yards 
up  the  arroyo  are  the  ruins  of  a  small  stone  building  similar  to  the  ones 
which  appear  in  connection  with  some  of  the  preceding  ruins.  Its  upper 
surface  is  mound-like,  showing  only  faint  traces  of  masonry,  but  the  arroyo 
has  undermined  one  corner,  exposing  well-laid  walls  extending  down  5  or 
G  feet  below  the  general  level  of  the  valley.  The  arroyo  is  here  IG  feet 
deep,  but  there  is  an  older  channel  cutting  in  nearer  the  large  ruin^  of  only 
about  one-half  this  depth.  It  is  in  this  that  most  of  the  exposed  walls 
are  shown.  Below  the  remains  of  these  walls,  and  extending  out  inta 
the  main  arroyo  to  a  depth  of  14  feet  below  the  surface,  is  an  undulat- 
ing stratum  of  broken  pottery,  flint-ehippings,  and  small  bones  firmly 
embedded  in  a  coarse  gravelly  deposit.  1  traced  this  stratum  for  sev- 
eral rods  along  the  smooth  perpendicular  face  of  the  wash,  where  it  was 
very  clearly  defined,  and  picked  out  many  pieces  of  excellently  painted 
shreds  of  pottery.  At  the  lowest  point  of  this  stratum,  and  where  it  had 
been  undermined  by  the  waters  which  sometimes  flow  in  this  arroyo,  a* 
human  skull  was  exposed,  so  firmly  embedded  in  the  dense,  rock-like 
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oartli  that  con>ii<lerjil)le  foreo  was  neressary  to  detach  it:  some  smaller 
bones  and  numerous  fra foments  of  pottery  were  scattered  about  in  the 
soil  near  by ;  it  was  in  an  inverted  ])08ition,  the  crown  half  buried  iu 
the  hard  earth,  a  soft  stratum  alnn'e  having  washed  out  to  a  few  inches 
greater  depth,  thus  leaving?  it  standing?,  as  above  described,  on  a  little 
bencli.  Tiie  thin  stratum  of  |»ottery  could  l)e  traceil  also  on  the  oppo- 
site b^nk  of  the  arroyo  and  thence  along  its  walla  to  the  small  ruin 
already  described.  This  deposit  represents  the  ancient  surface  of  the 
<;ronndsaboutthepueblo.and  was  iirobaby  the  sloping  bank  of  the  streaai. 
which  during  the  oc^jupancy  of  this  pueblo  may  have  been  a  coiLsidera- 
ble  river,  tsince  the  desertion  of  this  region  the  ohl  bed  has  become 
titled  to  the  depth  of  at  least  H  feet,  and  through  this  the  arroyo  has 
made  its  present  channel.  A  system  of  thorough  excavation  would 
undoubtedly  reveal  many  interesting  things,  and  is  probably  the  only 
method  l>y  which  anything  satisfactory  willeverbelearnedof  the  indus- 
trious people  who  once  tilled  this  narrow  valley. 

I»UEBLOS   NOS.  8  AND  0. 

At  distances  of  a  half  mile  and  one  mile  respectively,  are  tlu'  mins  of 
two  comparatively-  small  buildings,  built  close  up  under  thii  northern 
walls  of  the  canon.  The  first  of  tliese,  which  I  have<talled  Pueblo  So.  S 
in -the  plan,  was  originally  a  perfect  parallelogram,  l^j  by  100  feet  di- 
mensions, without  any  adjcffning  buildings,  walls,  or  court.  From  the 
fact  that  the  outer  walls  are  low  and  much  mined  and  that  the  highest 
walls  are  alt  nearest  the  centre,  it  would  seem  that  it  was  originally  ter- 
rac('d  pyramidally  like  the  great  houses  of  Taoa.  The  e»tu/a»^  three  in 
number,  are  nearly  in  a  line  through  the  centre.  The  two  end  ones  are 
ijuite  high  and  must  originally  have  been  at  least  two  stories  in  height. 
It  is  ]>ossible,  however,  that  tlieir  elevation  is  due  to  the  fact  that  they 
:iie  built  ni»on  large  rwks  which  are  entirely  concealed  by  the  falleii 
walls.  Tlie  i'entral  rsfti/a  is  low  compared  with  the  others  and  with  the 
walls  stnn<ling  around  it.  These  CMlitfaH  are  from  IS  to  22  feet  in  diam- 
eter, with  their  circular  walls  5  to  0  feet  high  and  with  unknown  depth 
t}\'  fhhrin  in  the  lH)ttoni.  The  walls  near  the  northeast  corner  and  along 
the  north  side  generally  are  standing  three  stories  in  height,  or  from  2i» 
to  2r»  feet,  with  rou'^li  firhris  to  indicate  JMiother  story.  The  front  is 
m!ich  more  ruinous.  The  masonry  throughout  the  building  is  of  s<iuare 
blocks  of  sandstone  Jibout  .S  by  o  l)y  .'>  inclies,  dressed  and  ground  down 
both  before  and  jitter  they  are  laid  in  the  walls,  a  clay  mortar  being 
used  jilentifnlly  between  them.  The  door-ways  or  windows,  whichever 
they  niay  be  called,  sue  (piite  !Uiiformly  27  by  42  inches  in  size,  and  the 
Willis  in  which  they  o('cnr  from  bS  to  24  inches  in  thickness.  The  ma- 
sonry about  some  of  these  door  ways  isgronn<l  down  so  smoothly,  a[)j>ar- 
ently  by  grinding,  tlir.t  if  a  cariJcnter's  two  toot  s(|u;ire  was  applied  to 
their  unfiles  it  wouhl  prov(»  them  to  i)e  as  exact  as  in  the  ordinary  bri«*k- 
woik  of  the  present  time.  There  is  no  njjpearance  of  the  minute 'mosaic- 
liUe  Mtueco-work  so  noticeable  in  the  oth<»r  ruins.  Jbit  little  wood-work 
now  renin  ins,  what  tln-re  is  consisting  almost  entirely  of  lintels  of  small 
si  irks  of  wood  above  the  wirnlows. 

'J'lie  next  rnin,  which  wr  have  cnlled  No.  0,  is  still  sujaller  and  liardlv 
<leservf's  to  l»e<'all<'(l  a  pueblo.  Like  the  hist  it  is  a  solid  parallelot'ram, 
but  is  only  tJ.J  bv  7S  teet  in  dimensions.  T\w.  interior  is  niosllv '^occu* 
pi(»(l  by  two  eoriip.'initiveiy  large  <'ircnlar  apartnuMits,  only  one  of  which 
has  its  interior  w;ill  in  good  oi<ler.  The  (*xt(Mi«)r  of  the  ruin,  aloiif''  the 
fiont  and  lefi  hrnd  side,  consists  of  three  or  four  sloiies  of  small  rooms 
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none  of  which  are  larger  than  5  by  8  feet  ioBide.  The  walls  now  standing 
are  aboat  28  feet  high ;  those  about  the  right-hand  portion  are  entirely 
ruinous  and  it  is  difficult  to  make  out  the  original  design.  Some  little 
wood-work  remains — a  few  vigas  and  some  lintels  over  the  windows. 

PUEBLO  PE^ASCA  BLANCA. 

Two  miles  farther  down  the  cafion  from  the  last-described  ruin,  and 
occupying  the  summit  of  a  promontory-like  point  around  whicli  the 
Chaco  swings  in  a  sharp  elbow,  are  tbe  ruins  of  the  Pueblo  Peiiasca 
Blanca.  Next  to  the  Pueblo  Bonito  this  is  the  largest  in  exterior  di- 
mensions of  all  the  ruins.  With  the  exception  of  the  Pueblo  Pintado 
it  is  the  only  one  on  the  south  side  of  the  canon,  and  the  only  one,  with 
another  exception,  built  above  the  bottom  of  the  canon.  It  is  also  un- 
like all  the  others  in  it^  ground  plan,  being  an  almost  perfect  ellipse 
Its  greater  diameter  is  north-northeast  and  south-southeast.  The  west- 
ern half  of  the  ellipse  is  oex:upied  by  a  massive  structure,  Ave  tiers  of 
rooms  deep,  and  the  other  half  by  a  single  continuous  row  of  small 
houses  serving  as  a  wall  to  enclose  the  court.  The  interior  dimensions 
of  this  court  are  346  by  260  feet;  add  to  this  the  depth  of  the  buildings 
surrounding  it  and  we  have  a  total  exterior  diameter  of  490  by  363  feet 
with  a  circuit  of  1,200  feet.  The  greater  portion  of  the  walls  is  so  ruinous 
that  but  few  of  tbem  are  in  place  above  the  first  or  lower  story,  where 
they  are  in  places  to  full  height  of  the  second  story.  The  greatest 
height,  however,  is  maintained  in  the  second  tier  of  rooms  from  the  out- 
side. The  entire  outside  wall  is  thrown  down,  but  the  end  and  dividing 
walls  are  yet  in  a  fair  state  of  preservation,  enabling  us  to  measure  from 
them  with  some  accuracy.  The  great  height  of  the  iUbris  would  indi- 
cate at  least  four  stories  in  the  outside  tier.  Like  the  Pueblo  Bonito,  some 
portions  were  built  in  a  very  much  better  manner  than  others;  greater  care 
seems  to  have  been  taken  with  the  more  exposed  walls,  while  many  of  the 
interior  ones  were  built  of  rough  stones  covered  with  adobe  plaster.  The 
two  end  walls  are  better  preserved  than  any  other  portion,  and  in  them  is 
a  beautiful  example  of  the  horizontal  alternations  of  thick  and  thin 
plates  of  stone.  There  are  seven  eatufas,  all  situated  near  .each  other  in 
the  northern  half  of  the  inner  circumference  of  the  west  side  of  the  ellipse. 
Five  of  those  are  in  a  solid  row,  and  of  the  two  other  larger  ones,  one  is 
set  back  within  the  body  of  the  building,  and  the  other  outside  but  adjoin- 
ing it.  The  masonry  of  the  interior  surfaces  is  in  good  order,  but  does 
not  show  that  they  were  more  than  the  ordinary  one-story  apartments 
built  above  the  surface  of  the  court.  In  the  northern  angle  of  the  ruin 
a  break  in  the  outside  walls  enabled  me  to  crawl  into  one  of  the  end 
rooms  of  the  second  tier.  The  only  noticeable  feature  in  the  rooms  thus 
exposed  was  the  employment  of  thin  boards  in  the  construction  of  the 
ceiling,  resembling  in  every  detail  those  described  by  burgeon  Uam- 
mond  in  <»onnection  with  the  Pueblo  Bonito ;  all  the  larger  beams  had 
their  ends  cut  oft* perfectly  smooth  and  at  right  angles  lo  their  length. 
In  the  centre  of  the  ruin,  back  of  the  two  largest  estufas,  are  more  entire 
rooms.  Two  of  these,  to  which  I  gained  access  by  a  small  hole  broken 
through  the  wall  near  the  ceiling,  were  each  about  10  by  15  feet  in  di- 
mensions and  7  feet  in  elevation.  One  was  half  filled  with  rubbish  and 
tbe  walls  and  ceiling  black  with  soot  and  smoke.  Crawling  through  a 
small  door-way  into  the  next  room,  I  found  a  marked  contrast  to  the  first 
in  the  smooth  whitewashed  walls,  but  little  stained.  The  ceiling  of  both 
rooms  was  constructed  in  the  usual  manner,  a  thick  matting  of  willow 
brush  coming  in  contact  with  the  earthen  floor  above  instead  of  the 
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small  boards.  Upon  the  floor  and  a  little  to  the  right  of  the  centre  as 
we  enter  the  room  is  a  raised  enclosure  of  whitewashed  adobe,  aboat  2 
by  3  feet  in  dimensions  and  8  or  10  inches  above  the  floor.  Inside  it  is 
at  least  2  feet  deep,  but  was  filled  nearly  full  with  dust  and  dirt  and 
the  excrement  of  small  animals.  I  scratched  around  in  the  mass  to 
the  bottom  without  finding  anything  of  interest.  In  point  of  size,  the 
rooms  of  this  ruin  will  average  larger  than  in  most  of  the  others ;  the 
twenty-eight  rooms  as  they  appear  on  the  outer  circumference  average 
20  feet  in  length  from  wall  to  wall  inside.  The  smallest,  which  are  only 
10  feet  wide,  are  at  the  two  ends.  The  width  of  the  rooms  of  each  tier 
appears  to  have  been  constant  throughout  the  length  of  the  whole  ruin. 
The  dimensions  given  in  these  drawings  are,  in  nearly  every  case,  of 
those  apartments  which  constitute  the  second  story,  as  it  is  in  those  that 
there  is  the  least  obscuration  of  the  walls. 

In  most  of  the  ruins  the  first  floor  is  almost  entirely  filled  ap  with 
debris;  but  when  the  walls  can  be  followed  they  show  that  this  floor  is 
generally  divided  into  much  smaller  apartments,  two  or  three  occnrring 
sometimes  in  place  of  each  one  above  them.  The  eastern  half  of  the 
ellipse,  as  above  said,  consists  of  a  single  continuous  line  of  small  apart- 
ments, with  a  uniform  width  of  13  feet  inside  and  an  average  length  of 
20  feet.  By  a  curious  coincidence  the  same  number  of  rooms  are  in  this 
row  as  in  the  outer  tier  of  the  main  building.  The  walls  of  the  central 
portiou,  for  a  distance  of  about  200  feet,  are  in  fair  preservation,  stand- 
ing in  places  6  to  8  feet  in  height,  the  dividing  walls  showing  ai>erture8 
leading  from  one  room  to  another.  They  are  built  of  stones  uniform  in 
size,  averaging  0  by  9  by  3A  inches;  mortar  was  used  between  the  stones 
instead  of  the  small  plates  of  stone.  At  both  ends,  for  a  distance  of  some 
200  feet  from  the  point  of  juncture  with  the  main  building,  the  walls  are 
entirely  levelled,  but  enough  remains  to  show  the  dimensions  of  each 
apartment.  Twenty  yards  from  the  south  end  of  the  main  building  are 
the  ruins  of  a  great  circular  room  50  feet  in  diameter,  with  some  portions 
of  its  interior  wall  in  such  preservation  that  its  character  is  readily  dis- 
cernible. No  masonry  appears  in  connection  with  the  exterior  of  the 
great  mound,  of  which  the  cylindrical  wall  is  the  centre.  At  the  north 
end  there  is  another  circular  room  of  about  25  feet  diameter,  but  this  is 
surrounded  by  other  rcctaupjular  apartments,  and  also  by  walls  that  prob- 
ably terraced  up  the  sloping  surface. 

rUEBLO   ALTO   AND   STONE   STAlllWAYS. 

During  the  throe  days  while  engaged  in  the  examination  of  the  ruins 
from  the  Pueblo  Una  Vida  to  Pcnasca  Blanc^a,  we  made  our  camp  in  the 
bottom  of  the  arroyo,  about  250  yards  below  the  riieblo  Del  Arroyo,  where 
we  had  found  a  few  shallow  pools  of  a  thick,  pasty  water,  the  only  remains 
of  some  recent  shower.  There  was  also  considerable  new"  grass  just 
springing  up  among  the  willows  and  young  cotton  woods,  which  extended 
half  a  mile  above  and  below  ns,  tint  was  much  relished  by  our  half- 
starved  mules,  besides  which  the  perj)eudicuhir  sides  of  the  arroyo  served 
excellently  as  a  corrall  to  restrain  their  wanderings.  From  this  i)oint  we 
extended  our  trips  up  and  down  the  canon,  returning  to  it  each  night,  as 
affording  the  only  w^ater  in  the  whole  neighborhood. 

While  engaged  about  the  ruin  last  described,  1  accidentally  discovered 
with  my  lield-glasses  some  ruined  walls  upon  the  summit  of  the  bluif  and 
apparently  about  half  a  mile  back  of  either  the  Pueblo  J3onito  or  Chettro 
Kettle.  There  was  so  little  visible  that  I  could  not  locate  it  much  nearer. 
Having  a  couple  of  hours  to  spare  before  sunset  one  evening,  I  set  about 
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discoveriDg  a  way  up  the  bluff.  ScanniDg  the  walls  closely  I  saw  where 
there  had  formerly  been  means  provided  for  reaching  the  summit 
through  some  of  the  great  crevices  which  run  op  to  the  top,  but  they 
DOW  were  inaccessible.  Back  of  the  Pueblo  Ghettro  Kettle  is  an  alcove 
with  perpendicular  walls  about  one-third  mile  in  depth  and  300  yards 
wide  across  its  month.  At  the  far  end  of  this  are  the  ruins  of  some 
old  structure  which  had  been  built  upon  a  low  slope  of  talus,  and  evi- 
dently served  as  an  approach  up  the  bluff.  Continuing  around  the  alcove 
to  its  month  opposite  where  I  entered,  I  saw  some  steps  and  handholds 
cut  into  the  rock  that  seemed  to  offer  the  oppQrtunity  I  was  seeking; 
climbing  up  a  short  distance  over  a  slope  of  fallen  rocks  I  found  in  the 
sides  of  the  crevice  an  irregular  series  of  stair-like  steps  hewn  into  the 
hard  sandstone,  each  step  about  30  inches  long  and  6  inches  deep,  the 
two  cut  surfaces  at  right  angles  to  each  other.  Upon  each  side  of  these 
steps,  in  the  steepest  part  of  the  ascent,  are  hand  holds  so  hewn  out  as 
to  allow  the  hand  to  grasp  them  like  the  rounds  of  a  ladder ;  in  the  other 
places  they  are  sunken  cup-like  cavities,  just  large  enough  to  admit  the 
lingers.  Easily  gaining  the  summit,  I  walked  back  over  the  bluffs, 
ascending  by  terraces  some  200  or  300  feet  above  the  bottom  of  the 
caiion,  and  then  turning  around  the  head  of  the  alcove,  my  attention 
was  drawn  to  the  stairway,  shown  in  the  accompanying  drawing  [plate 
LXII],  hewn  in  the  smooth  and  almost  vertical  face  of  a  bluff,  parallel 
with,  and  but  a  short  distance  back  of  that  which  forms  the  alcove. 
There  are  28  or  30  steps  of  about  the  same  size  as  those  already  men- 
tioned, accompanied  with  the  band-holds  on  both  sides.  At  its  foot  was 
probably  a  water-pocket  to  which  it  led,  but  immediately  above  there 
are  no  indications  of  any  ruins  whatever. 

Interesting  ruins,  however,  crop  out  in  such  unexpected  places  that 
something  of  the  kind  may  be  hidden  away  in  the  alcoves  and  ravines 
which  penetrate  the  bluffs  on  all  sides.  From  this  point  it  was  about 
half  a  mile  over  the  sandy  sage-covered  plateau  to  the  ruins  I  had  seen 
from  Pueblo  Peuasca  Blanca.  They  are  situated  so  as  to  command  the 
entire  horizon.  Away  to  the  north  stretches  the  great  basin  of  the  Rio 
San  Juan ;  the  summits  of  the  La  Plata  Mountains  glimmering  faintly 
in  the  distance.  The  Sierra  Tunecha  stretches  across  the  entire  western 
horizon,  while  to  the  south  above  the  elevated  table  lands  appear  the  snow- 
covered  summits  of  the  Sierra  San  Mateo.  In  the  east  the  summits  only 
of  the  Jemez  Mountains  are  in  j-iew,  the  frosted  crown  of  Pelade  shining 
above  them  all.  This  ruin  is  thus  nearly  midway  and  above  all  the 
others — dominating  them  so  far  as  its  position  is  concerned.  I  endeav- 
ored to  obtain  some  information  from  Hosta  as  to  its  name  among  the 
Navajos  or  Pueblos.  At  first  he  professed  entire  ignorance  of  its  exist- 
ence, and  said  that  none  of  his  people  or  any  of  the  Navajos  knew  any- 
tliiiig  of  it.  A  day  or  two  afterwards,  however,  while  on  the  way  home, 
be  modified  this  statement  by  saying  that  there  was  a  tradition  among 
bis  people,  of  one  pueblo  among  the  others  that  was  above  them  all, 
not  only  in  position  but  in  strength  and  influence,  and  was  called  El  Cap- 
itan  or  El  Jugador.  He  explains  the  latter  name  by  saying  that  among 
his  people  the  gambler  was  regarded  as  a  type  of  a  superior  people. 
Whether  or  not  this  explanation  was  gotten  n[)  for  the  occasion,  to  ex- 
plain something  he  knew  nothing  of,  and  yet  did  not  wish  to  confess 
his  ignorance,  a  manner  in  which  most  of  these  traditions  are  gotten  up, 
it  is  impossible  for  me  to  determine  ;  but  as  a  compromise  I  have  called 
the  ruin  Pueblo  Alto.  Referring  to  the  plan  in  plate  LX,  we  see  that  it  is 
in  the  usual  rectangular  form,  the  open  court  facing  south  and  enclosed 
by  a  low  semicircular  wall.    The  northern  wall  is  360  feet  long  and  the 
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two  wings  200  and  170  feet  respectively.  The  east  wing  is  but  t\^o  tiers 
of  rooms  deep,  while  the  other  wing  and  the  centra)  i)ortioDs  are  three 
tiers  in  depth,  ^he  rooms  are  large,  many  of  them  upwards  of  20  feet 
in  length,  and  from  8  to  12  feet  in  breadth.  The  masonry  is  of  a  fair 
order,  but  little  inferior  to  the  best  of  the  others;  but  the  whole  ruin  bears 
every  indication  of  extreme  age,  and  I  have  no  hesitancy'  in  pronouncing 
it  the  oldest  of  all.  The  walls  are  almost  entirely  destroyed,  there  being 
but  little  remaining  above  the  first  story.  The  estufas,  three  in  number, 
one  of  which  is  30  feet  in  diameter,  arc  placed  in  the  angles  of  the  build- 
ings. The  inner  wallij  of  these  rooms  are  in  much  better  preservation 
than  the  rest  of  the  ruin.  In  the  court  are  other  indications  of  other 
circular  apartments  in  so  ruinous  a  state  as  to  be  barely  discernible,  one 
of  which  is  45  feet  in  diameter*  The  ruins  of  the  wall  enclosing  the  court 
show  it  to  have  been  of  stone,  and  to  have  consisted  of  two  parallel  wall^, 
and  probably  to  have  been  subdivided  into  apartments,  as  in  some  of  the 
others.  Midway  in  this  wall,  and  opposite  the  centre  of  the  court,  are 
the  remains  of  what  were  evidently  two  circular  apartments  enclosed 
by  rectangular  walls  measuring  40  by  70  feet,  all  in  about  the  same 
state  of  ruin  as  the  wall.  At  the  east  side  of  the  court  this  wall  does 
not  join  into  the  wing;  a  ])assugC'Way  of  some  12  feet  width  being  left, 
just  outside  of  which  is  an  immense  rubbish-heap,  the  cubic  contents  of 
which  are  approximately  25,000  yards. 

From  the  northeast  corner  of  the  ruin,  a  wall  extends  150  yards  east 
and  then  turns  south  and  runs  about  200  yards  to  the  edge  of  a  bluft; 
a  similar  line  runs  parallel  with  it  from  the  centre  of  the  court  to  the  edge 
of  the  same  blutf,  thus  enclosing  a  space  of  about  five  acres,  near  the 
centre  of  which  is  the  rubbish-heap.  One  hundred  and  eighty  yards  to 
the  southeast  are  the  ruins  of  a  small,  square  building  in  a  better  state 
of  preservation  than  the  larger  ruin.  It  is  75  feet  square,  divided  into 
six  equal  apartments  on  each  side,  thus  making  30  rooms  in  all,  four  of 
which,  however,  make  room  for  an  entnfa.  This  was  probably  at  least 
three  stories  in  height,  for  the  walls  are  now  standing  to  the  top  of  the 
second  story.  Tlie  masonry  resembles  that  of  the  little  pueblo  num- 
bered 0.  About  ^00  yards  to  the  northwest  are  the  ruins  of  a  similar 
building  whifii  is  in  a  much  more  ruinous  condition. 

On  the  morning  of  our  deiJiirture  from  this  interesting  region  I  rode 
from  our  camp  to  the  foot,  ot  the  blulf,  about  -iOO  yards  below  Pueblo 
Bonito,  to  examine  some  indications  of  human  handiwork  whi(*h  ap- 
peared in  a  crevice,  and  which  I  had  not  theretofore  noticed.  Behind 
an  immense  bowlder  wiiich  concealed  the  lower  part  I  found  a  stairway 
built  into  a  narrow  opening  running  up  to  the  top  of  the  blutl;  some  of 
the  steps  werr  hewn  in  the  manner  already  described,  but  there  were 
others  formed  by  sticks  of  cedar  placed  side  by  side  wedged  firudy 
in  the  crevice.  Portions  had  decayed  and  fallen  out,  but  enough  re- 
mained to  enable  us  to  ascend.  When  once  ui)on  the  summit  we  had  a 
splendid  bird's  eye  view  of  the  Pueblo  Jionito,  it  being  almost  vertically 
beneath  us,  and  were  thus  able  to  make  out  clearly  at  a  single  glance 
its  irregular  and  complex  outlines.  The  most  important  result,  however, 
of  this  last  discovery  was  the  finding  of  a  series  of  water-pockets  in  a 
deep  crevice  in  the  bare,  rocky  surface  of  the  summit.  They  were  i^o 
hidden  from  casual  observation  that  one  might  pass  within  a  very  few  yarils 

of  them  without  suspecting  their  presence.  In  these  were  thousands  of 
gallons  of  clear,  cool,  sweet  water,  a  thing  we  had  not  seen  for  many 
days,  and  what  vexed  us  the  most,  it  was  discovered  too  late  to  be  of 
any  more  use  than  for  a  single  draught  of  the  delicious  fluid.  They  are 
deep  pot- holes  so  situated  as  to  protect  the  contents  almost  entirely 
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from  the  san's  rays,  and  the  bare  rocky  surface  all  about  them  is  so  de- 
nuded of  all  soil,  that  the  water  is  hardly  tainted  with  the  least  impurity. 
A  short  distance  below  these  pockets,  and  near  the  verge  of  the  bluff, 
there  had  evidently  been  other  and  larger  reservoirs  of  the  same  nature. 
The  Pueblo  Alto  is  directly  back  of  this  point  less  than  half  a  mile,  and 
it  was  from  here  that  the  people  probably  obtained  much  of  their  water. 

POTTERY. 

In  the  accompanying  plates  I  have  grouped  a  few  of  the  most  inter- 
esting examples  of  ancient  and  modern  pottery,  from  the  regions  cov- 
ered by  our  investigations.  The  ancient  ware,  as  shown  in  the  two  first 
plates,  represents  some  of  the  most  striking  examples  of  the  taste  and 
«kill  in  ceramic  decoration  of  the  unknown  potters.  All  who  have  ever 
visited  the  region  of  the  ancient  ruins,  which  covers  all  of  New  Mexico 
and  Arizona,  and  portions  of  adjacent  territory,  have  been  impressed 
with  the  vast  quantities  of  shattered  pottery  scattered  over  the  whole 
land,  sometimes  where  not  even  a  ruin  now  remains,  its  more  enduring 
nature  enabling  it  to  long  outlive  all  other  examples  of  the  handiwork 
of  the  makers. 

PLATE   LXIV. 

Fragments  of  painted  ware,  mostly  of  bowls  and  mugs,  and,  with  but 
one  exception,  from  the  south  side  of  the  San  Juan  River.  The  material 
is  generally  dark  gray,  sometimes  nearly  white  where  the  heat  has  been 
greatest,  and  is  hard  and  firm,  giving  a  clear  ringing  sound  when  struck. 
The  paste  shows  a  large  percentage  of  a  gritty  substance  resembling 
crushed  fragments  of  burnt  clay.  The  surface,  however,  is  generally 
•quite  smooth,  with  a  glossy  appearance  in  some  instances,  much  resem- 
bling a  regular  glaze.  Upon  this  the  black  design  lies  without  any  per- 
ceptible wearing  away,  although  these  specimens  have  been  exposed  to 
all  the  disintegrating  influences  of  soil  and  climate  for  centuries. 

The  pieces  marked  a  and  b  are  fragments  of  mugs,  about  4  inches 
diameter  and  from  4  to  5  Inches  high,  sometimes  with  handles,  very 
much  like  an  ordinary  beer-mug  of  the  present  time.  All  the  other 
pieces,  with  the  exception  of  c  (see  also  Plate  XLY,  Fig.  8),  are  from 
bowls,  varying  from  13  inches  diameter  to  mere  cups  of  only  4  or  5 
inches  diameter,  d  is  a  fragment  from  the  Chaco  Cailon.  See  Plate 
XLY,  Figs.  1,  2,  3,  and  4,  for  further  details  of  this  kind  of  pottery. 

PLATE  LXV. 

Ancient  Pottery,  Nos.  1  and  3  are  dippers  with  handles  broken  off; 
of  a  coarse,  gray  ware;  from  about  the  ruins  of  Montezuma  Canon ;  the 
first  being  found  upon  the  plateau  at  its  extreme  head.  No.  2  is  a  bowl 
that  was  found  buried  quite  deeply  near  the  ruins  in  Montezuma  Gaiion, 
described  in  page  428.  Nos.  4  and  6  are  pitchers  from  a  grave  on  the 
banks  of  the  San  Juan  River,  near  the  mouth  of  the  Mancos.  The 
literal  reproduction  of  the  photographic  process  by  which  these  plates 
are  produced  renders  any  further  description  unnecessary.  No.  5  is  a 
small  jug,  minus  its  handle,  that  was  found  buried  among  the  ruins  of 
the  great  Gave  Town  on  the  De  Chelly  (see  page  421).  It  is  as  symmet« 
deal  in  its  outline  as  if  turned  upon  a  wheel,  and  the  design  is  traced 
upon  it  with  the  most  exact  precision. 

29  o 
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PLATE  LXVI. 

Pottery  from  the  Mociui  Pueblos.  Nos.  1,  2,  and  3  are  spoons  or 
ladles  from  Gaalpi,  decorated  io  black  and  red  upon  a  yellowish-white 
sarface.  No.  4  is  a  double  jug  with  au  interior  counectiOD,  foond  in 
Tegua,  but  supposed,  however,  to  have  come  from  Zuui.  No.  6  is  a  gooid- 
like  ju^,  from  Gualpi.  No.  5  is  a  dipper,  in  imitation  of  a  goard,  ftoui 
JSechurnevay.  The  handle  is  hollow,  and  is  used  in  lieu  of  a  fanne); 
after  filling  the  bowl  with  water  it  is  emptied  through  this  handle  into 
the  narrow  necks  of  the  water- jars  (see  Fig.  2,  Plate  LXIX). 

PLATE  LXVII. 

Basket  work,  and  wooden  images,  or  idols  from  the  Moqai  villageB  of 
Gualpi  and  Sechumeviiy.  The  conventionalized  human  face  andlgnre 
which  appears  on  the  basket,  occurs  fi*cquently  in  other  forms  in  the 
decorative  art  of  the  Moquis. 

PLATE  LXVIII. 

Ziinian  Pottery.  The  art  of  molding  earthen  vessels  in  the  diape 
of  owls,  ducks,  and  other  animal  forms  familiar  to  them,  seems  to  be 
confined  almost  exclusively  to  the  Indians  in  the  Pueblo  of  ZnfiL 

PLATE  LXIX. 

Zuilian  Pottery.  Nos.  1,  3,  4,  and  G  are  in  imitation  of  varloos  do- 
mestic fowls.  No.  2  is  a  miniature  mmlel,  decorated,  of  the  kind  of 
water  jar  in  use  among  the  Moquis.  They  are  in  the  form  ot  a  spheret 
with  a  (!a[Kiicity  of  about  six  gallons,  flattened  slightly  on  one  sidOi  with 
a  narrow  bottle-like  mouth.  On  either  side  are  two  small  rings  or 
handles,  through  which  is  passed  a  small  shawl  or  like  piece  of  dotht 
long  enough  to  pass  over  the  forehead  and  to  susi>end  the  jar  against 
the  back  Just  below  the  shoulders.  This  mode  of  carrying  water  is  ren- 
dered necessary  by  the  precipitous  nature  of  the  pathways  that  lead  to 
their  springs.  All  the  other  Pueblo  Indians  carry  their  water  in  large» 
wide-mouthed  jars,  upon  their  heads.  No.  5  is  a  common  form  of  pot- 
tery among  the  Zufiians,  both  with  and  without  handles. 

PLATE  LXX. 

Ziuiian  Pottery,  rei>reseutiDg  an  owl,  an  eagle,  and  a  dack.  The 
pieces  shown  in  this  and  the  preceding  plate  were  loaned  for  the  pur- 
pose of  illustration,  by  Dr.  J.  V.  Lauderdale,  post  surgeon  at  Fort  Wiu- 
gate,  who  found  them  at  Zuui. 

PLATE  LXXI. 

The  central  figure  is  a  small  oUa,  or  water- vessel,  such  as  are  in  use 
among  the  Pueblo  Indians  of  New  Mexico  for  carrying  water  upon  their 
heads.  The  under  side  of  the  jar  has  a  concavity  which  fits  the  eon- 
vexity  of  the  head.  Small  pads  or  cushions  are  also  made  for  the  same 
end.  The  two  bowls  are  of  Moqui  manufacture,  from  T6gtta.  MoQui 
pottery  is  generally  inferior  to  that  of  the  other  pueblos,  being  more 
IM)rous,  and  lacking  that  compactness  and  ringing  quality  that  is  notice- 
able in  the  ancient  ware,  and  in  that  which  is  made  in  Laguna  and 
some  of  the  other  pueblos.  In  decorative  ability,  however,  they  are  not 
at  iill  inferior  to  the  others. 
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REPORT  OF  W.  J.  HOFFMAN,  M.  D. 


LETTER  OP  TEANSMITTAL, 

United  States  Geoloqioal  and  Oeogbaphioal 

Survey  of  the  Tebbitobies, 

WaahingUmj  D.  0.^  December  31, 1877. 

Sib  :  I  bave  the  honor  to  transmit  herewith  my  report  of  observations 
npon  a  cliff-dweller's  craninm,  found  in  Ohaco  uafion,  New  Mexico,  by 
Mr.  W.  H.  Jackson,  at  a  depth  of  14  feet  beneath  the  surface,  lying  upon  a 
stratum  of  broken  pottery.  The  deposit  in  this  cation  consists  of  allu- 
vial drift,  in  which  are  several  airoyos  from  6  to  16  feet  deep,  by  the 
erosion  of  which  the  lower  stratum  was  brought  to  view. 
Very  respectftdly,  your  obedient  servant, 

W.  J.  HOFFMAN,  M.  D. 
Dr.  F.  V.  Hayd^n, 

United  States  Oeologist  in  charge. 
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REPORT  ON  THE  CHACO  CRANIUM. 


By  W.  J.  Hoffman,  M.  D. 


The  discovery  of  a  skall  in  Ghaco  Gallon  (Northwestern  New  Mexico), 
belonging  to  the  race  which  we  recognize  as  the  cliff-dwellers  or  ancient 
Paeblos,  is  one  of  considerable  valae  and  interest.  Lar^^e  rains  in  ex- 
cellent state  of  preservation  occnr  in  this  valley,  on  as  gigantic  a  scale 
as  in  any  known  locality.  Haman  remains,  in  this  region,  had  escaped 
attention  nutil  last  season,  when  Mr.  W.  H.  Jackson  of  this  Sarvey,  insti- 
tuted greater  search.  Ghaco  GaSion,  at  the  point  under  consideration,  is 
about  500  yards  broad,  at  the  bottom  of  which  is  an  alluvial  deposit 
of  sand  and  gravel,  deposited  here  by  the  spring  floods,  at  which  time, 
and  for  a  short  period  following,  there  is  water.  The  valley  contains 
numerous  ruined  pueblos,  extending  over  a  distance  of  about  six  miles 
from  the  two  extreme  buildings.  Near  the  Pueblo  del  Arroyo,  at  which 
locality  the  skull  was  discovered,  the  wash  or  arroyo  had  cut  a  ditch 
16  feet  in  depth.  This  wash  followed  the  valley  in  a  serpentine  course, 
as  all  ditches  or  streams  are  apt  to.  At  one  angle  of  the  bottom  of 
the  arroyo,  where  the  water  was  guided  to  the  left,  it  had  partly  under- 
mined the  embankment;  here,  at  a  depth  of  14  feet  below  the  sur- 
face, and  two  feet  above  the  bed  of  the  ravine,  is  exposed  to  view  a 
seam  or  stratum  of  broken  pottery,  about  1^  inches  iu  depth.  At  this 
point  the  skull  was  found,  which  will  be  described  farther  on.  Follow- 
ing this  stratum  drown  stream  (or  nearly  westward)  it  gradually 
ascends  until  it  comes  to  within  a  distance  of  6  feet  of  the  surface.  A 
short  distance  above  this  appear  the  remains  of  an  ancient  founda- 
tion or  stone  wall,  of  former  ruins.  This  terminates  within  a  short  dis- 
tance of  the  surface.  Other  similar  walls  api)ear  iu  various  places 
along  the  arroyo,  indicating  that  there  had  been  a  former  occupation  at 
a  more  remote  period,  than  the  time  of  construction  and  occupation 
of  the  more  recent  ruins,  which  are  literally  unknown.  Over  the 
present  surface,  which  completely  hides  these  ancient  monuments, 
are  scattered  the  ruins,  which  are  known  as  the  pueblos.  These  and 
the  cliff-dwellings  are  supposed  to  have  been  constructed  and  inhabited 
by  the  same  people;  the  latter  having  been  built  on  account  of  the 
annoyances  and  hostile  incursions  of  neighboring  tribes.  These  cliff- 
dwellings  are  on  a  grander  scale  and  occupy  more  desirable  locations 
than  those  which  we  tiud  in  the  eastern  interior  of  Arizona,  which  came 
under  my  personal  observation,  in  the  latter  locality,  buildings  occu- 
pying a  level  surface  are  rare  at  this  day.  Buins  are  abundant,  con- 
sisting of  thick  stone  walls,  upon  which  subsequent  adobe  dwellings 
had  been  erected.  As  the  cliff-dwellings  predominate,  there  is  reason 
to  suppose  that  the  region  just  mentioned  formed  the  most  south- 
ern border  of  the  country  occupied  by  the  various  families  and  com- 
munities composing  this  extinct  race,  and  for  that  reason  there  was 
need  of  greater  security  against  surprise  from  enemies.    These  ruins 
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are  not  numerous  considering  the  amount  of  relicA  which  we  find, 
such  as  tbe  fragments  of  pottery,  flakes,  and  implements  and  weapons, 
and  the  i)opulation  could  not  have  been  as  great  as  is  generally  sup- 
posed, but  on  the  contrary  it  is  the  result  of  a  prolonged  occupation  of 
the  soil.  Mr.  Jackson  states  that  he  does  not  believe  the  population  of 
Chaco  Caiion  to  have  exceeded  twenty-five  hundred  persons. 

Tbe  fragments  of  pottery  found  in  the  stratum  in  this  cafLon  appear, 
according  to  Mr.  Jackson's  observations,  to  have  been  covered  with 
alluvial  drift  by  repeated  floods,  as  the  layers  from  above  dip  westward 
and  downward,  resting  unconformably  upon  the  stratum  of  pottery. 
The  sections  and  remains  of  stone  walls  are  in  good  preservation,  and 
do  not  appear  to  dififer  from  those  of  the  surface.  The  fragments  of  pot- 
tery examined  show  no  traces  of  having  been  subjected  to  the  action  of 
water  and  gravel,  but  appear  to  have  been  covered  with  a  layer  of  sand 
and  gravel  within  a  comparatively  short  i)eriod.  A  few  pieces  upon 
which  the  broken  edges  appear  somewhat  rounded  and  wom|  are  in  no 
wise  affected  upon  tbe  glazed  surfaces,  but  present  such  an  appearance 
as  is  perceptible  i\ih>u  fragments  which  have  been  exposed  upon  the 
upper  surface.  Tbe  only  material  difference  between  the  two  varieties, 
f.  e»j  those  from  tbe  covered  layer  and  those  from  the  suinboe  and  ruins, 
is  that  tbe  former  are  harder  and  better  baked,  and  have  a  dear  ring- 
ing sound  when  lightly  struck  with  a  hard  body,  which  is  absent  to 
some  extent  in  tbe  latter.  Tbe  designs  of  ornamentation  are  similar  in 
fundamental  structure. 

About  tbe  ruins  in  Arizona,  the  surface  specimens  are  similar  to  those 
from  Cbaco  Canon,  but  among  them  we  find  numerous  remains  exhib- 
iting more  complex  designs  in  ornamentation,  and  more  fk^nently  speci- 
mens which  exhibit  none  at  all,  but  merely  indentations  and  cleanly  cut 
line8  done  by  means  of  a  sharp  pointed  instrument,  showing  not  only 
as  high  a  state  of  cultivation  as  the  enamelled  ones,  but  also  that  they 
were  miule  in  loss  time,  as  if  from  fear  of  interruption. 

CRANIUM. 

Asymmetrical ;  apparently  that  of  a  female.  The  eruption  of  the  last 
molars  has  not  taken  place.  The  whole  of  the  cranial  cavity  is  com- 
plet4ily  imi)acte(l  with  sand  and  gravel,  which  is  now  of  the  consistence 
of  agglutinated  sandstone,  and  any  attempt  at  its  removal  would  prove 
disastrous  to  the  specimen.  Since  its  discovery,  the  skull  has  received 
some  injury  in  transportation,  breaking  off  the  superior  maxillary  bones, 
and  ius  the  faces  ot  fracture  are  worn  and  rubbed,  no  facial  angle  can  be 
obtained.  It  is  rather  brittle,  of  a  grayish  yellowish-brown  color,  and 
in  some  places  of  a  chalky  consistence.  The  outer  tables  are  rather 
Lard.  The  ethmoid  line,  zygomatic  processes,  and  inferior  maxillary 
are  wanting.  The  termini  of  the  zygomatic  processes  indicate  them 
to  have  been  thin  and  slender.  A  lacial  view  presents  a  narrow  fore- 
head, widening  upward  and  posteriorily,  giving  tbe  greatest  breadth 
across  the  bi-parietal  region ;  orbits  apparently  oval ;  nose  broad,  con- 
Hidering  the  curvatures  of  the  inferior  portion  of  the  niteal  eminence  and 
the  superior  anterior  portion  of  the  maxillary  bone.  Frontal  eminences 
coalesce,  and  retain  a  central  elevated  ridge  downward  to  the  nasal 
eminence,  which  is  rather  broad  and  prominent.  Superciliary  ridges  are 
very  slight,  containing  a  foramen  and  notch  over  the  left  orbit,  and  two 
foramina  over  the  right. 

The  most  striking  pe<juliarity  is  the  great  flattening  of  the  posterior 
portion  of  the  ^kuU,  iucludiug  the  anterior  portion  of  the  occipital  and 
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the  posterior  superior  portions  of  the  parietal  bones ;  the  larger  portion 
of  the  flattening  being  over  the  left  portion  of  this  region.  The  pressure 
appears  to  have  been  to  some  extent  from  the  left  side,  and  has  directed 
considerable  influence  upon  theanterior  portions  of  the  parietal  bones,  and 
the  superior  lateral  portions  of  the  ps  frontls.  Taking  into  consideration 
the  curvatures  and  convexities,  such  as  would  be  produced  by  any  at- 
tempts at  flattening,  as  practiced  by  aboriginal  races,  I  do  not  believe 
it  to  have  been  post  mortem  deformation,  but,  on  the  contrary,  an^exam- 
pie  of  a  former  custom.  In  the  absence  of  a  complete  facial  structure, 
some  idea  can  be  obtained  by  taking  an  angle  of  measurement  of  two 
lines,  one  crossing  the  flattened  suriace  of  the  skull,  the  other  drawn 
from  the  nasal  eminence  upward,  over  the  forehead,  which  is  pretty 
straight  to  that  point  between  the  frontal  eminences.  These  lines  in- 
tersect at  an  angle  of  27^.  The  frontal  bone,  behind  the  external  angu- 
lar processes,  forms  a  moderately  deep  groove,  which  intensifies  materi- 
ally as  it  continues  downward  over  the  sphenoid.  This  is  more  promi- 
nent upon  the  left  side  than  upon  the  right.  The  tubercles  of  the 
zygomatic  processes  are  prominent.  The  glenoid  fosssB  are  unusually 
deep  and  well  defined.  The  antero-posterior  diameter  of  the  foramen 
magnum  is  the  greatest,  this  being  due  to  the  existence  of  a  posterior 
notch,  from  the  middle  of  which  the  crest  takes  a  rather  irregular  course 
upward  to  the  inferior  curved  lines,  which  are  rather  obscure.  The  crest 
is  prominent,  rather  sharp,  and  well  defined,  upon  either  side  of  which 
the  depressions  for  the  insertion  of  the  rectus  posticus  major  and  rectus 
pnosticus  minor  muscles,  are' deep  and  remarkably  developed.  The  supe- 
rior curved  lines  are  deficient,  and  the  surfaces  for  the  insertion  of  the 
complexus  muscles  are  irregular,  and  decidedly  rough  and  corrugated. 

The  serration  of  the  sagittal  suture  is  rather  coarse.  The  coronal 
suture  as  it  recedes  toward  the  occiput  becomes  more  acutely  developed, 
and  contains  several  small  Wormian  bones.  The  lambdoidal  suture  is 
remarkable  in  serration  and  for  the  width  which  it  occupies.  Several 
Wormian  bones  of  large  size  exist  in  the  left  portion  ;  in  the  right  they 
are  not  so  large  but  more  intricate  in  serration.  The  extreme  length 
of  the  largest  one,  extending  from  the  anterior  angle  of  the  occipital 
bone  toward  the  left,  measures  1.12  inches. 

As  there  is  some  tendency  to  expansion  of  the  mass  of  sand  contained 
within  the  cranial  cavity,  the  sutures  have  separated  slightly.  In  mak- 
ing the  following  measurements,  due  allowance  has  been  given  for  this, 
and  the  measurements,  although  only  relative  in  several  instances,  are 
snfiicieutly  accurate  for  all  purposes. 

Inches. 

Length 6.20 

Biparietal  diameter 5.58 

Frontal  diameter,  greatest 4.75 

Frontal  diameter,  least 3..50 

Vertical* 5.13 

Horizontal  periphery 18.90 

The  measurements  can  only  be  given  in  part,  as  many  of  the  protuber- 
ances have  been  removed  in  transportation.  In  fact,  some  of  the  cellu- 
lar portions  of  the  base  of  the  skull  are  impacted  with  sand,  a  proof  that 
decay  occurred  even  while  in  the  drift.  The  sand  is  dry,  as  it  is  iu  all 
caiions,  in  the  regions  where  cliff-remains  and  pueblos  are  found,  during 
the  greater  part  of  the  year.  Spring  floods  are  of  comparatively  short 
duration,  and  what  little  water  remains  in  the  arroyos  and  pools  soon 
evaporates  or  disappears  in  the  porous  alluvial  sand.    That  the  country 

*  Taken  from  the  anterior  margin  of  foramen  magnnm  to  the  posteriot  teroivckaNiKn^^. 
of  the  first  third  of  the  coronal  sntnre. 
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was  agricaltarally  good,  well  watered  and  wooded,  we  have  proof  from  a 
mere  glimpse.  Siuce  the  climatic  change  it  is  not  lit  to  sapport  lite  in  the 
great  majority  of  cases.  This  change  has  been  attribatod  to  geological 
causes.  In  this  I  do  not  fully  agree.  In  Arizona  are  remains  of  anoyos 
about  40  feet  above  the  present  level  of  any  streams,  by  which  the  agri- 
cultural regions  were  irrigated. 

In  tracing  up  these  remains,  we  find  them  to  have  originated  in  val- 
leys from  10  to  18  miles  away,  where  there  was  an  abundance  of  water 
at  one  time,  as  the  pebbles  and  rounded  bowlders  show.  These  have 
long  since  dried  up.  In  nearly  every  locality  we  find  evidence  of  a  time 
when  water  was  abundant. 

It  is  natural  to  suppose  that  a  community,  however  large  or  small, 
must  in  time  cut  away  the  timber,  both  for  building  and  as  fneL  This 
thoughtless  or  negligent  deboscation  must  eventually  afifect  the  soil  and 
anniuil  rain-fall.  Aqueous  precipitation  decreases  year  by  year,  springs 
and  streams  begin  to  dry  up  and  disappear,  until  there  is  not  enough  for 
ordinary  consumption.  These  statements  are  made  from  direct  observa- 
tion of  the  physical  features  of  the  clifif-dwellers*  country,  and  the  results 
of  cutting  away  forests  and  woods  in  other  localities,  and  I  suppose  1  will 
be  borne  out  in  my  belief  that  the  gradual  depopulation  of  the  country 
under  discussion  was  due,  indirectly,  to  their  own  ignorance  or  tfaoogb^ 
lessness,  as  much  as  it  was  to  the  influence  of  hostile  neighbors.  The 
latter  they  had  in  any  number,  if  we  can  take  into  consideration  the 
positions  of  their  architectural  remains,  but  when  a  country  is  getting 
poorer  and  poorer,  and  the  outside  anuoyadces  are  greater  than  a  posses- 
sion of  the  soil  is  worth  defending,  we  can  very  readily  understand  what 
would  be  the  fiual  result. 

In  connection  with  the  skull  there  was  one  bone  found|  apparently 
belougiug  to  the  Tctraonidcc.    The  bone  has  not  been  further  identified. 

Dr.  Bessels  soeuis  to  think  the  present  Pueblos  are  a  remnant  of  the 
ancient  race  of  I^ueblos  or  Cliff  Dwellers.*  lie  bases  his  hypotheses 
upon  the  similarity  in  architectural  and  ceramic  remains.  The  crania 
which  ho  describes  in  his  report  present  occipital  flattening,  but  not 
in  so  uiarked  a  degree  as  exists  in  the  Chaco  cranium.  This  head- 
flattening  is  practised  by  various  tribes  of  aborigines  in  the  Columbia 
Kiver  region,  but  south  of  that  we  lose  all  tnice  of  it  until  we  reach  the 
northern  portion  of  the  country  formerly  included  in  the  Mexican  region. 
It  has  been  supposed  by  various  prominent  ethnologists  and  old  writers 
that  there  had  been  in  remote  times,  a  migration  towards  the  regions 
in  various  directions  northward  from  Mexico.  In  time  a  return  is  traced, 
some  assuming  Aztlan  to  have  been  the  point  of  departure,  while  a 
large  and  long-continued  influx  of  people  came  from  a  country  or  king- 
dom in  the  northeast.  Language  hiis  left  it&  imprint  among  various 
existing  races,  and  we  find  gre^it  aflinity  between  that  of  the  Natchez, 
who  formerly  occupied  the  lower  portion  of  the  Mississippi  Valley,  and 
the  Mayas.  Greater  radical  aflinity  is  observable  among  many  of  the 
tribes  scattered  southward  through  Mexico  into  Central  America,  and 
similar  customs  to  a  remarkable  degree  can  be  traced.  The  head-flatten- 
ing is  also  found  to  have  existed,  to  more  or  less  extent,  among  some 
of  the  Peruvians,  Caribs,  Mexicans,  and  Natchez.  In  comparisons  made 
with  specimens  at  the  Army  Medical  Museum,  we  can  observe  more  or 
less  similarity. 

Dr.  Mortout  figures  several  crania,  the  measurements  of  which  I  give 

*Bul.  IT.  S.  Gtjolog.  and  Geocraph.  Survey  of  the  TerritorieB,  VoL  II,  1??76,  pp.  47- 
63,  Pll.  23-29. 
tCrauia  Americaiia,  S.  G.  Norton,  M.  D.,  Philadelphia  1839. 
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nstrate  tLe  general  comparisoD.  Occipital  flattening  is  remarkably 
inent,  and  I  give  the  onmbers  in  tlieir  order  of  nearest  approncli 
e  Chaco  ekull,  as  regards  shape,  bearing  in  mind  that  the  latter  is, 
,  appearance,  that  of  a  ;onng  female,  and  consequently  somewhat 
ler  than  the  cranium  of  a  male  would  measure, 
e  first  is  the  skull  of  a  Natchez,  pU.  20,  21 ;  the  second  and  third 
imes  (Mexican),  pi.  17a,  and  Mezican,  pi.  17 :  and  the  fourth  a  Mezi* 
phis. 
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3  genernl  measurements  and  results  are  closely  related,  and  might 
jre  so  had  we  a  skull  of  a  mature  adult,  and  of  known  sex.  There 
irs  to  have  been  some  relationship  between  the  ancient  Oliff-Dwell- 
id  the  modern  Pueblos,  and  Anally  the  Aztecs  or  Mexicans,  at  or 
e  the  time  of  the  Spanish  conquest.  The  general  designs  in  orna- 
Ation  appear  traceable  in  the  Aztec  pottery,  and  the  ruins  at 
,  only  in  a  higher  state  of  caltivation.  At  the  latter  the  designs 
appeared  upon  the  walls  of  the  ruined  temple  and  upon  a  grander 
The  Aztec  traditions  of  a  northwest  origin  are  strongly  in  favor 
:ch  a  hypothesis,  beside  numerous  arguments  which  might  be 
rht  to  bear  upon  the  subject. 

3  accompauyiug  sketches  illustrate  the  appearance  and  outlines  of 
arious  positions  of  the  cranium. 
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MISCELLANEOUS  ETHNOGRAPHIC  OBSERVATIONS  ON  INDIANS 
INHABITING  NEVADA,  CALIFORNIA,  AND  ARIZONA. 


By  W.  J.  Hoffman,  M.  D. 


INTRODUCTION. 

The  materials  and  data  for  the  accompanyiDg  remarks  I  collected 
chiefly  in  Nevada,  California,  and  Arizona,  while  attached  to  the  United 
States  Geographical  and  Geological  Sarvey  west  of  the  one  hundredth 
meridian  in  1871-^72,  as  surgeon  and  naturalist.  Since  then,  valuable 
notes  have  been  received,  for  which  due  credit  has  been  given.  Fre- 
quent allusions  to  the  Dakotas  are  made  merely  for  the  purpose  of  illus- 
trating corresponding  or  differing  customs.  Observations  were  made 
in  the  country  of  the  latter  during  the  years  1872-'73.  The  tribes  vis- 
ited in  1871,  are  located  and  nam^  as  follows: 

1.  Sho8honees,'Pah-1Jtes,  Nevada. 

2.  Pah-Utes,  Oalifomia. 

3.  Seviches,  Hualpais,  Mojaves,  Apachd  Mojaves,  Apach5  Coyot^ro, 
Apach^  Arivapah,  Pimas,  Maricopas,  Yumas,  Arizona. 

The  Shoshonees  occupy  the  upper  interior  of  Nevada,  thence  south- 
li^ard,  between  the  regions  inhabited  by  small  bands  of  various  sub- 
tribes  of  Pah-Utes,  as  far  as  Grapevine  Springs  in  Armagosa  Desert, 
northwest  of  Spring  Mountain,  about  latitude  115^  4(K  west,  and  latitude 
37^  north.  Very  little  of  the  southern  portion  is  fit  for  the  Indians,  for 
raising  corn,  melons,  &c.,  and  it  is  seldom  any  are  found,  excepting  in 
small  ravines  or  valleys  along  the  mountain  sides,  where  a  few  fam- 
ilies may  be  found  in  temporary  camps.  The  Pah-Utes  are  cut  up  into 
various  bands,  each  under  the  direction  of  their  chiefs,  but  entirely  inde- 
X>endent  of  one  another  unless  when  they  unite  in  defence  against  a  com- 
mon foe.  The  Seviches  and  Hualpais  are  but  semi-civilized  and  are  not 
inclined  to  go  to  any  regions  occupied  by  the  whites.  They  occupy 
the  western  and  northwestern  edges  of  the  Colorado  Plateau.  Im- 
mediately south  and  southwest  of  the  latter  are  the  Apachd  Mojaves,  a 
semi-hostile  wandering  band.  They  are  now  drawing  more  toward  Gamp 
Verde  as  a  centre. 

Little  need  to  be  said  of  the  wandering  hordes  of  Apachto  who  roam 
over  the  interior  and  southeastern  portions  of  Arizona.  Their  cruelty 
to  prisoners  is  unequalled  anywhere.  They  practise  at  times  the  most 
barbarous  and  inconceivable  modes  of  torture  upon  their  victims ;  and  in 
this  respect  they  are  not  unlike  their  former  neighbors,  the  Mexicans.* 
The  Mojaves  and  the  Yumas  are  both  located  upon  the  Colorado  Biver, 
the  latter  below  the  mouth  of  the  Gila,  and  the  former  about  300  miles 
above.  The  Pimas,  Maricopas,  and  several  others  are  located  at  various 
points  aloug  the  Gila  Kiver  in  the  vicinity  of  ancient  remains,  a  promi- 
nent ruin  of  which  is  known  as  ^^  la  Casa  Grande."  These  have  been 
described  by  various  writers,  and  require  no  notice  here. 

*  Bemal  Diaz.  Scc.j  J.  J.  Lockhart,  vol.  ii,  p.  89.    Loodoo,  1844. 
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The  different  articles  have  been  placed  under  different  heads  for  the 
sake  of  convenience,  a  complete  history  being  superfluous  and  nnneces- 
8ary ;  such  notes  only  being  treated  in  detail  as  were  considered  of  more 
importance  and  more  frequently  passed  over  by  others  who  have  visited 
the  regions  under  consideration. 

The  following  remarks  have  been  classified  and  arranged  under  the 
following  titles: 

1 .  Dress,  pastimes,  &c. 

2.  Food. 

3.  Fire. 

4.  Utensils  and  weapons. 

5.  Medicine  and  incantations. 
G.  Disposition  of  the  dead. 

7.  Stone  circles  and  signals. 

8.  Pottery  and  pictographs. 

9.  Euins. 

1.  Dbess,  pastimes,  &o. 

The  clothing  of  the  tribes  need  not  be  described  in  detail,  as  this  has 
been  frequently  and  ably  done.  The  Apach&s  in  Central  Arizona,  the 
llualpais  and  the  Seviches,  prepare  deer-skins  by  smoking  with  rotten 
cedar  or  juniper  wood,  after  having  been  subjected  to  the  usual  mode  of 
cleansing  and  preparation.  The  skins  are  generally  of  a  yellowish-red 
to  a  reddish-brown  color.  The  women  are  usually  better  clothed  than 
the  men,  owing  to  a  latent  sense  of  modesty  which  has  not  and  will 
perhaps  never  be  thoroughly  eradicated.  The  Mojave  women  use  a  very 
neat  style  of  petticoat,  made  of  strips  of  the  inner  bark  of  the  cotton- 
wood,  tied  about  the  waist  and  tailing  down  to  the  knees  or  a  short 
distance  below,  with  a  protrusion  behind  in  the  form  of  the  modem 
bustle,  upon  which  the  children  frequently  sit  astride  when  too  young 
to  run  unassisted.  The  Apach&  women  carry  their  infants  tied  upon 
frames  covered  with  thongs,  similar  to  the  Dakotas.  The  male  popala- 
tion  of  nearly  all  tribes  are  known  to  devote  a  considerable  time  to 
games  of  chance  and  other  pastimes. 

The  Mojaves  are  very  fond  of  a  simple  game  played  by  three  or  four, 
in  which  five  small  heaps  of  sand  are  formed,  when  the'  player  hides  a 
stick  in  one  of  the  piles,  singing  during  the  time  as  an  accompaniiiient. 
The  rest  of  the  players  then  guess  at  the  pile  containing  the  stick,  stak- 
ing various  trinkets,  money,  or  other  articles  upon  the  result.  The 
Coyot^ro  Apach6s  manufacture  very  nice  cards,  about  the  siase  of  an 
ordinary  playing-card,  from  tanned  horse-hide,  upon  which  they  draw 
various  figures,  lines,  or  characters  in  various  colors,  resembling  to 
some  extent  the  ruder  styles  of  Mexican  montd  cards. 

Lieutenant  Whipple*  in  speaking  of  the  Mojaves  says,  ''Some  of  the 
young  men  selected  a  level  spot,  forty  paces  in  length,  for  a  play-groand, 
and  amused  themselves  in  their  favorite  si)ort  with  hoop  and  pole?. 
The  hoop  is  six  inches  in  diameter,  made  of  an  elastic  cord.  The  poles 
are  straight  and  about  fifteen  feet  in  length.  lioUing  the  hoop  from  one 
end  of  the  course,  two  persons  chase  it  half  way,  and  at  the  same  in- 
stant throw  their  poles.  He  who  succeeds  in  piercing  the  hoop  wins 
the  game.'' 

The  Coyot^ro  Apaches  play  this  game  in  nearly  the  same  manner. 
A  perfectly  level  piece  of  ground  is  selected,  which  is  afterward  retained 


i'ao.  K.  R.  Rep.,  vol.  iii,  185C,  p.  114. 
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for  this  game  only.  A  distance  of  about  25  paces  is  marked  off,  having 
a  width  of  about  4  feet*  Two  play  the  game,  and  the  necessary  ma- 
terials required  are  a  pole  for  each  of  the  players,  and  a  hoop  made  of 
a  branch  of  tough  wood  nearly  an  inch  thick,  which  is  formed  into  a 
ring  having  a  diameter  of  about  6  or  7  inches.  This  is  sometimes^ 
wrapped  with  raw-hide  or  sinew.  Then  there  are  two  cords  running 
horizontally  across  the  inner  space,  crossing  two  similar  ones  attached 
vertically,  giving  the  middle  the  appearance  of  the  cross-wires  in  an 
engineer's  transit.  The  poles  are  each  about  15  feet  long,  consisting  of 
spliced  pieces  of  cottonwood,  about  the  general  appearance,  finally,  of 
a  good-sized  fishing-rod,  with  the  thin  end  slightly  turned  upward. 
When  tlie  players  are  ready,  they  take  their  positions  at  one  end  of  the 
course,  one  of  them  placing  his  forefinger  on  the  periphery  of  the  hoop, 
and  grasping  the  sides  with  his  thumb  and  fingers.  The  hoop  is  rolled 
so  as  to  reach  the  outer  end  of  the  course,  and  as  it  reaches  half  way 
the  distance  the  players  start  abreast,  pushing  the  poles  on  the  ground 
before  them.  When  they  reach  the  middle  of  the  course  the  poles  are 
pushed  ahead  so  as  to  try  to  penetrate  the  hoop,  or  any  segment  of  it 
(caused  by  the  cords),  the  game  resulting  upon  previous  agreements  as 
to  what  was  required  in  counting.  This  is  repeated  from  the  end  where 
the  first  attempt  terminated,  and  continued  for  hours.  I  have  seen  men 
lose  blankets,  horses,  bows,  and  arrows,  and  in  fact  almost  anything  of 
which  they  were  possessors.  I  do  not  recollect  the  name  of  this  game ; 
nor  is  this  of  as  much  importance  as  the  existence  of  the  game  itself. 

The  Abb4  Em  Domenech*  describes  a  game  of  this  character  as  ob- 
served in  the  extreme  western  portion  of  the  continent. 

Gatlinf  gives  a  description  of  the  Tchunglcee  game  as  one  of  the 
amusements  of  the  Maudans4  This  was  played  with  a  stone  ring  2  or 
3  inches  in  diameter. 

Adair§  describes  the  national  game  of  the  Cherokees  under  the  name 
of  chungJcey  and  gives  a  detailed  description. 

Jones  II  says,  ^^The  great  game  upon  which  the  Southern  Indians 
staked  both  personal  reputation  and  property  was  the  chungJce  gameJ^ 
DuPratz,^  Brackeuridge,**  Lewis  and  Glarke,tt  Turner,}|  and  Morgan  §§ 
notice  this  game  among  different  tribes.  It  has  pretty  generally  dis- 
api>eared,  and,  as  far  as  I  am  able  to  learn,  it  is  played  to-day,  with 
some  slight  modification,  only  by  the  Apach^.  Since  the  manufacture 
of  stone  ornaments  and  implements  generally  has  been  discontinued 
owing  to  the  encroachments  of  civilization,  wood  and  other  mate^ 
rials  are  substituted,  saving  thereby  a  vast  amount  of  time  and  labor,  of 
"Which  aborigines  are  always  ready  to  avail  themselves  if  possible. 

*  Seyen  Yean^  BesideDce  in  the  Great  Deserts  of  North  America,  vol.  ii,  p.  197.  Lond., 
1860. 

t  Illas.  of  the  Mauners,  Castoms,  and  Conditions  of  the  N.  American  Indians,  etc., 
10th  Ed.,  vol.  I,  p.  132,  pi.  59.    Lond.,  18G6. 

t  Prince  Maximilian  also  noticed  this  among  the  Mandans  and  Maneiaries,  <[  TraveU 
in  the  Interior  of  North  America.    London.    1643.    p.  358. 

$  Hist,  of  the  Am.  Indians,  etc.,  p.  401  et  aeq.    Lond.,  1775. 

II  Antiq.  of  the  Southern  Indians,  1873,  p.  96. 

H  History  of  Louisiana,  1720,  p.  366. 

••Views  of  Louisiana,  pp.  255,256. 

ft  Lewis  and  Clarke,  (hy  Paul  Allen),  Philadelphia,  1814,  vol.  i,  p.  143. 

tX  Traits  of  Indian  Character,  vol.  ii,  1836,  p.  168. 

[Extracted  (in  suhstance)  from  Ualliday  Jackson's  "  Civilization  of  the  Indians.''} 

l^  Third  An.  Rep.  of  the  Regents  of  the  Univ.  of  N.  Y.,  1850,  p.  81. 
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Bartram*  observed  this  game  amoDg  the  Greeks,  and  calls  it  "chuDky- 
yard." 

The  only  dances  which  I  had  an  opportunity  of  witnessing  were« 
among  the  Shoshonees  and  Coyotero  Apach^.  There  is  no  peoaHar 
featare  in  that  of  the  former,  their  style  of  accompaniment  being  the 
same  monotonous  drumming  and  singing  as  witnessed  among  varions 
other  tribes  east  of  the  Rocky  Mountains.  The  Apach^  dance  was  the 
occasion  of  a  gathering  for  the  purpose  of  disposing  of  a  quantity  of 
^^  mezcal  whisky."  At  this  dance  it  was  the  custom  for  the  Apache 
maidens  to  go  around  and  select  their  partners.  When  the  festivities 
had  been  continued  until  toward  midnight,  the  dance  terminated  at 
the  appenrance  of  four  masked  Indians  entering  the  circle  from  the 
four  cardinal  points  and  taking  a  ''hop-around.''  The  liquor  was  then 
disposed  of,  when  the  crowd  dispersed  very  boisterously.  Subsequent 
transactions  must  be  omitted,  although  they  are  of  ethnographic  valoe. 
I  may  here  state  that  prostitution  was  formerly  punished  by  catting 
oft'  the  tip  of  the  criminal's  nose.t  This  applies  only  to  the  female^  as 
the  male  was  rather  honored  for  the  conquest. 

Dr.  Smart,  United  States  Army,  says  that  he  saw  women  who  had 
the  cartilaginous  portion  of  the  nose  cut  off,  and  this  wus  apparent  only 
amongst  those  who  had  any  pretensions  to  beauty.|  Maidens  are 
known  by  having  some  of  the  hair  over  the  ears  wrapped  in  brass 
wire  in  the  form  of  coils.  This  i>eculiar  custom  was  also  practiced 
among  various  tribes  southward  as  far  as  the  Isthmus  of  Panama. 

Marriage  or  the  selection  of  a  bride  is  rather  an  amusing  custom  when 
compared  with  similar  usages  in  civilize<l  life.  J^requently  one  sees  two 
parallel  rows  of  stones  along  prominent  foot-paths  or  trails,  which  indi- 

*  Hartraui'H  Travels  in  N.  and  8.  Carolina,  etc.,  Philadelphia,  1791 ;  London,  2  vols., 
ITiM  ;  Pi»riH,  an.  vii  (2  vols). 

The  CuchanoB  (YiiiiiaH)  also  played  this  f^ame,  known  then  as  mo-upp  ;  in  Spanish, 
rtdomlo.     <Einory'8  Report  V.  S.  Mf^xican  Boundary  Survey,  vol.  i,  p.  III. 

The  Choctaw8  played  tlui  cliunkr  ^nnu>.  It  waa  called  "  running  hnnl  labor'*  hv 
sntno  of  tlui  traderH.  <History  of  Alabama,  etc.,  A.  J.  Pickett,  Charleston,  vol.  i, 
iy^ol,  pp.  141,  U:^. 

Tliti  CherokocH  were  also  very  foud  of  the  chunke  came.     <A.  J.  Prickett,  ibidem. 

rlu  hJH  allusiuu  to  thin  cuhtoiu  as  practiced  by  the  Couianches,  Gregu;  fuiys:  **The 
liusban<l  Hoeius  to  have  complete  power  over  the  destinies  of  his  wif«  and  cnildren.  For 
adultery,  his  punishment  is  most  usually  to  cut  od*  the  nose  or  ears,  or  both;  and  1m^ 
may  even  take  the  life  of  his  unfaithful  wife  with  impunity.  The  sqaaw  who  ha^ 
heen  mutilated  for  such  a  course  is  iptto  facto  divovoidj  and,  it  is  said,  for  ever  preclnded 
Inim  marrviug  again."     <Commerce  of  the  Prairies,  etc.,  New  York,  1844,  vol.  ii,  pp. 

"Las  faltas  oonjugales  no  so  castigan  por  la  primaravez;  pero  d  la  segnndo  el 
mari<io  corta  la  punta  <ie  la  nariz  a  su  intiel  esjtosa,  y  la  despida  de  su  lado.^*  <RevL9ta 
Cientilica,  vol.  i,  p.  .')7. 

[i^uoteil  from  llaucroft's  Native  Races  (author's  copy),  vol.  i,  1?74,  p.  515.] 

Mr.  Gregg  also  states  that  "this  custom  prevails  among  the  Creeks  to  the  prMcnt 
«lay,  and  was  anciently  practiced  by  other  southern  nations.  'Among  the  Miaoiw'.Kiys 
l^ituer  Charlevoix,  'the  husband  has  a  right  to  cut  off  his  wife's  nose  if  she  ransawray 
from  him."'     Ibid.,  p.  :50r<. 

Bancroft  says  that  in  Itztei>ec  (Mexico)  "the  guilty  woman's  hnsband  cut  off  her 
ears  and  nose,  thus  brand iug  her  as  infamous  for  life."  <Nat.  Ra-ces  of  the  Pac.  States, 
1>75,  vol.  ii,  p.  4«HJ. 

LLjis  Casas.     Hist.  Apolog<jtica,  MS.,  cap.  coxiii ;  Mendieta  uhi  mp,"] 

"Among  the  Miztecs,  when  extenuating  circnmstances  could  be  proved,  the  panifth- 
meiit  of  <lcath  was  commuted  to  mutilation  of  ears,  nose,  and  lips.'^  <BancrotV«  Nat. 
Jtaces,  etc.,  1h7,S,  vol.  ii,  p.  4t><). 

[llerrera.  Hist.  (Jen.,  dec.  iii,  lib.  iii,  cap.  xii.] 

This  practice  appears  also  among  the  Indians  inhabiting  Florida.  <Concise  Histoid 
of  East  and  West  Florida,  Captain  Romans,  1775,  j).  IW. 

♦  Notes  on  the  "Tonto"  Apaches.     <.Smith.  Rep.  1>^07,  pp.  417-419. 
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c«ite  that  at  a  previous  time  some  anzions  lover  freqaented  the  locality 
to  learn  bis  fate. 

When  an  Apach^  Indian  has  made  his  selection  from  among  the  maid- 
ens of  his  tribe,  he  watches  her  most  freqaented  trail,  apon  which  she 
leaves  camp  for  the  purpose  of  gathering  berries,  grass-seed,  or  other  food. 
She  becomes  aware  of  the  intentions  of  the  young  warrior  through  the 
same  means  known  to  the  sex  ''all  the  world  over,"  and  is  prepared  to 
accept  or  reject  his  proposal,  which  remains  an  unspoken  one.  For  the 
furtherance  of  his  object,  the  Indian  visits  a  secluded  spot  through  which 
the  trail  in  question  passes,  places  a  row  of  stones  on  both  sides  of  it  for 
a  distance  of  ten  or  fifteen  paces.  He  then  allows  himself  to  be  seen  by 
the  maiden  before  she  leaves  camp,  and  running  ahead,  hides  himself  in 
the  immediate  vicinity  of  the  rows  of  stones.  If  she  avoids  them  by 
passing  to  the  outside  it  is  a  refusal ;  but  should  she  continue  on  her 
trail,  and  pass  between  the  two  rows,  he  immediately  rushes  out,  catches 
her,  and    •    •    •    takes  her  triumphantly  to  camp. 

If  a  white  man  or  a  Mexican  wishes  to  obtain  a  wife  through  the  regu- 
lar channel,  he  is  required  to  deposit  an  amount  of  money  or  horses  and 
blankets  with  the  girl's  father  for  the  period  of  one  year.  If  at  the  end 
of  that  time  the  lover  should  be  of  the  same  opinion,  he  takes  his  bride 
and  receives  the  articles  deposited  in  return  with  her.  The  shortest 
and  simplest  method  usually  pursued  by  strangers  is,  to  take  the  woman 
of  his  choice  and  leave  the  district  until  the  ire  of  an  infuriated  parent 
has  subsided. 

2.  Food. 

Some  of  the  tribes  will  adhere  to  the  most  disgusting  varieties  of  food, 
in  spite  of  the  partial  advantages  of  civilization  with  which  they  come 
in  contact.  Under  no  consideration  can  any  of  them  be  induced  to  taste 
vinegar  a  second  time.  Some  of  the  Shoshonees  obtain  some  food  from 
settlements,  but  subsist  chiefly  upon  what  game  and  fish  they  can  secure 
in  addition  to  lizards,  grasshoppers,  etc.  During  the  summer  they  all 
engage  in  hunting  for  plants  which  furnish  a  tuberous  root,  known  to 
them  as  the  yam-bl-tsi.  *  Their  mode  of  preparing  grasshoppers  is  iu 
this  wise:  a  fire  is  built  covering  an  area  of  from  20  to  30  feet  square, 
and  as  the  material  is  consumed  to  coals  and  ashes,  all  the  Indians  start 
out  and  form  an  extensive  circle,  driving  the  grasshoppers  with  blankets 
or  bunches  of  brush  toward  the  centre,  where  they  are  scorched  or  dis- 
abled^ when  they  are  collected,  dried,  and  ground  into  meal.  With  the 
addition  of  a  small  quantity  of  water  this  is  worked  and  kneaded  into 
dough,  formed  into  small  cakes,  and  baked  in  the  sand  under  a  fire. 

Generally  ground  grass  seed  is  mixed  with  water,  t  baked,  and  eaten 
alone,  but  frequently  it  is  mixed  with  this  insect  flour,  giving  it  a  better 
consistence.  The  Pah-IItes  on  the  banks  of  the  Colorado  River  use  this 
sort  of  food  more  generally  than  the  Shoshonees.  The  latter  raise  some 
corn,  melons,  and  musk-melons,  and  store  great  quantities  of  pifion  nuts, 
when  in  season.  The  Pah-Utes  iu  the  southwestern  portion  of  Nevada, 
and  even  across  the  line  into  California,  consume  the  larvaj  of  flies  found 

•  Yam-jta  or  Yani-pah.    Fremont  gives  tbi«  in  his  report  as  Anethum  graveohufi. 

tTbo  natives  in  th«  interior  of  Australia  have  a  similar  custom  of  eating  a  paste 
mad*.'  of  ground  graKs-ge?d,  ranirum  laviiiodv.  It  is  described  as  sweet  and  i»alatable. 
<  '*  Tro]>ical  Australia,"  Mitchell,  London,  p.  9H.  [Jour.  Antbrop.  Instit.,  vol.  vii,  No.  1, 
l-ij??,  J).  4.  (Loudon).] 

The  Congarro  [Queensland]  also  grind  grasses  between  two  stones,  and  then  make 
it  into  a  sort  of  dani[)«M".  They  have  no  Avord  for  Hour.  Sec  "  Aboriginal  Dialects  of 
Queensland.     II.  H.irlow,''  <Ji)ur.  Antbrop.  Institute,  vol.  ii,  l-^T'.^,  p.  171. 
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upon  the  borders  of  some  '^  alkali  ^  lakes.  *  The  organic  matter  washed 
ashore  is  soon  covered  with  flies,  where  they  deposit  their  eggn;  there 
being  not  sufficient  nourishment  for  all  the  worms,  some  die^  when  more 
eggs  are  deposited,  and  so  on  ad  infinitum^  until  there  is  a  belt  of  swarm- 
ing, writhing  worms  from  2  to  4  feet  broad,  and  from  an  inch  to  3  inches 
in  depth.  This  was  the  exact  condition  on  the  shore  of  Owens's  Lake, 
California,  in  August,  which  appears  to  be  the  favorable  seasou.  At 
such  localities  the  Indians  congregate,  scoop  up  and  pack  all  that  cau 
be  transported  for  present  and  future  use.  When  thoroughly  dried,  it 
is  ground  into  meal,  and  prepared  and  eaten  as  by  the  Shoshonees.  t 

The  Seviches  and  Hualpais  are  as  filthy  in  their  tastes  as  the  Pab- 
Utes.  Although  game  is  not  scare  on  the  Colorado  Plateau,  they  are 
often  unable  to  secure  sufficient  for  their  wants,  on  account  of  the  small 
number  of  horses  in  their  possession,  and  the  general  absence  of  fire- 
arms. They  always  prefer  the  entrails  to  the  meat  of  an  ante1oi)e  or 
deer,  and  they  cannot  be  persuaded  to  part  with  the  former  uuder  any 
conditions.  The  fruit  of  several  species  of  Opuntia,  grass-seed,  gophers, 
dried  lizards,  grasshoppers,  and  other  lar^e  insects  are  eaten  with  appar- 
ent relish. 

A  Ilualpai  woman  appeared  perfectly  contented  in  eating  a  half-decom- 
posed gopher,  and,  when  offered,  politely  refused  a  small  dish  of  canoed 
peaches. 

Many  of  the  Hualpais  warriors  besmear  their  faces  and  bodies  with  the 
blood  of  a  freshly  killed  antelope,  then  spread  their  fingers  and  drair 
them  over  the  face  so  as  to  leave  it  striped.  Where  the  skin  is  thas 
exposed  it  retains  its  natural  dusky  hue;  but  when  the  blood  dries  and 
falls  ofi',  the  bleached  surfaces  are  exi)osed,  giving  the  object  a  hideous 
aspect. 

The  Ai)ach(^s,  generally,  are  an  unsettled  race,  and  live  upon  such 
game  and  fruit  as  they  may  be  able  to  i)rocure.  The  subtribe  of  Coy- 
oteros,  living  about  Camp  Apache,  were  dependent  upon  the  issues 
served  them  by  the  government.  They  were  furnished  a  certain  uuml)er 
of  head  of  cattle  every  week,  which  were  driven  away  to  their  slaughter- 
ing-ground, where  the  warriors  would  cut  the  ham-strings  of  theauimal 
slit  open  the  abdomen,  and  tear  out  the  entrails  and  devour  them  when 
still  warm,  often  merely  pressing  out  the  contents  with  their  fingers. 
!N'one  of  these  delicacies  (f )  are  ever  oft'ered  the  women,  who  must  be  con- 
teuled  with  their  allowanc<i  of  plain  meat.  This  custom  extends  also  to 
other  tribes.  J 

Their  use  of  the  ^*  mezcal "  or  niaguay  i)lant  is  well  known.§  They 
l)repare  an  intoxicating  beverage  from  the  *'  heart"  or  centre  of  the  uu- 
opened  cluster  of  leaves,  by  first  making  a  circular  depression  in  the 
ground  and  lining  it  with  stones,  when  a  fire  is  built  into  it  until  i>er- 
lectly  heated ;  the  mezcal  is  then  piled  into  this  receptacle,  covered  over 
with  stones  and  earth,  when  another  fire  is  built  over  the  surface  and 
kept  up  until  the  cores  are  thoroughly  cooked.  This  may  last  from 
three  to  tiiteen  days,  the  time  depending  upon  the  quantity  to  be  ure- 
l)ared.  Wben  the  roots  have  been  thoroughly  cooked  they  anM)t' a 
semi  gelatinous  consistence;  they  are  then  crushed  in  vessels  made  lor 

•  Often  a  scum  of  organic  matter  is  found  around  the  margin  of  alkali  lakes,  whicb 
results,  ill  i>art,  from  dead  fish,  Avho  have  como  down  from  the  streams  and  were  over- 
tome  l»y  the  alkalinity  and  jieriahed.  I  presume  this  to  be  one  reason,  as  skeletons  are 
not  of  nn<M>mnion  occurenee, 

1  s.e  also  "  JCep.  ICxplor.  Kxped.  (Kocky  Mts.  1S4-J,  Oregon  and  North  Cal.  1.84:'r-n.) 
By  iJvt.  ('apt.  J.  C.  Kn'inont,  lH4r>,  p.  X'A. 

:  rummr.jf  of  th«'  Prairies,  <»regg,  New  York,  Hit,  vol.  ii,  p.  *-iOG. 

<:  Sot'  al>o  I'ae.  U   \\.  \l*'\>.,  vol.  iv,  \».  \). 
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this  purpose,  the  liquor  is  poured  ojETinto  other  vessels,  where  it  is  kept 
uDtil  fermentation  sets  in,  when  they  call  together  the  tribe  or  band  and 
have  a  dance,  which  results  in  a  drunken  and  obscene  carousal. 

The  Pimos,  Maricopas,  and  others  living  on  the  Oila  Biver  prepare 
a  similar  drink  from  the  fruit  of  the  Cerem  giganteus  and  several  other 
Cacti,    Horse  or  mule  flesh  is  always  a  desirable  ^'  titbit "  if  obtainable. 

3.  Fire. 

At  Belmont,  Nevada,  I  found  a  small  ranclieria  of  Shoshonees,  who 
informed  me  that  previous  to  the  development  of  the  mines  or  the  ad- 
vent of  the  whites  they  were  obliged  to  keep  on  hand  a  supply  of  dry 
wood  and  pine  knots  for  the  purpose  of  igniting  and  transporting  fire, 
as  the  art  of  making  it  was  unknown  to  them.  This  appeared  remark- 
able, and  I  made  inquiry  among  those  of  the  settlers  who  had  been 
there  longest.  The  Canfield  Brothers,  who  were  superintendents  of  the 
New  York  Mining  Company,  verified  the  statement  so  far  that  they  al- 
ways saw  the  Indians  keeping  up  perpetual  camp-fires,  and  when  on  a 
short  march  would  transport  burning  brands,  which  they  guarded  with 
the  most  jealous  care.    Women  were  usually  detailed  for  this  duty. 

Captain  Sitgreaves*  says:  ^*The  custom  still  prevails  among  them 
{MojavesJ  of  carrying  a  firebrand  in  the  hand  in  cold  weather,  which  is 
mentioned  in  the  account  of  Coronado's  expedition  in  1540,  and  induced 
those  discoverers  to  give  to  the  river  the  nameof  Kio  del  Tizon."  Whether 
this  custom  is  still  practiced  I  am  unable  to  say.  The  Apaches  near 
Tucson  never  move  about  at  night  unless  armed  with  a  brand  or  torch. 
This  is  induced  both  through  fear  and  superstition. 

4.  Utensils  and  weapons. 

I' 

But  few  articles  are  manufactureil  of  stone  at  the  present  day  by  any 
of  the  tribes  under  consideration,  as  they  have,  to  a  greater  or  lesser 
extent,  availed  themselves  of  the  advantages  offered  by  enterprising 
suttlers  and  traders.  Pipes  made  at  Yankton  and  Sioux  City,  Dak.,  of 
the  red  pipe-stone  (catlinite)  have  found  their  way  to  Nevada  through 
these  channels  and  through  the  Crows,  with  whom  the  Shoshonees  are 
upon  friendly  terms.  Most  of  the  Indians  obtain  the  common  ^'plug" 
tobacco,  which  they  cut  up  and  mix  with  the  inner  bark  of  the  Bed 
Osier.  In  the  southern  region  of  Nevada  I  have  seen  the  dried  leaves 
of  Nicotiana  attenuata  (Torr.)  used  in  the  pipe.  The  Seviches,  when  they 
can  obtain  paper,  are  fond  of  making  cigarettes,  a  custom  learned  from 
the  Indians  who  come  in  contact  with  the  Mexicans. 

Most  of  the  Pah-Utes  grind  their  corn  and  grass  seed  on  flattened 
stones  with  pestles,  and,  in  some  instances,  with  metlatls.  i  Baking 
is  done  under  a  layer  of  sand,  upon  which  a  fire  is  built,  as  with 
the  Mojaves,  PabUtes,  and  some  of  the  Shoshonees,  and  others.  The 
manufacture  of  stone  arrow-heads  is  still  carried  on  by  the  Coyotero 
Apaches.  Various  species  of  siliceous  materials  are  employed.  The 
triangular  shape  is  characteristic  of  this  tribe.  The  dart  is  fastened  to 
the  shaft  by  means  of  a  dark  reddish-brown  vegetable  gum  and  sinew 

*Kcp.  Exped.  Zani  and  Colorado  River,  Capt.  L.  Sitgreaves,  Wash.,  183:^,  p.  18. 
tTlie  word  nietate  has  been  generally  used,  but  as  it  is  of  Aztec  origin  and  slightly 
corrupted,  1  propose  to  use  the  proper  term,  inetlati,  as  above.    The  metal  pile  is  gener- 
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thrr-ads.  which  are  broaght  forward  over  the  two  basal  apices,  above 
which  there  are  usuallv  two  s^Iight  notches  lor  their  reception.  Frag- 
ineDt.s  of  so-called  i»urter- bottles  artf  frequently  utilized  iu  tlie  manafaC' 
tore  oi  arrow-heads,  loakiug  au  effectaal  bat  brittle  weapon.  There  is 
no  que.stion  but  that  these  Indians  sometimes  poison  some  of  their  arrows. 
I  have  lieen  shown  arrows,  and  have  had  them  offered  me,  which  the 
owners  informed  me  were  poisoned,  so  that  I  should  becarefnl  iu  hand- 
liog  them.  Dr.  Scale,  elsewhere  referred  to,  informs  me  of  the  same 
fact :  and  Dr.  Klliott  Coaes.  of  the  Army,  who  has  had  ample  experience 
in  treating  arrow- woauds,  informs  me  of  a  ease  which  he  had  every  rea- 
son to  believe  to  have  been  eansed  by  a  poisoned  one.*  Stevens  says:t 
^' The  arrow-beads  of  the  Shoshonees  of  North  America,  said  to  be  poiaonetl. 
aie  tiHl  on  parf>osely  with  gut  in  such  a  manner  as  to  remain  when  the 
shaft  is  withdrawn.'^  This  may  have  been  the  castom,  but  I  have  not 
heard  of  it  as  being  in  practice  now. 

The  Pah-Utes  of  Owen's  Valley,  Cal.,  and  of  Sonthwestem  Nevada 
sometimes  em[iloy  chert  and  ^* bottle-glass ''  arrow-heads.  That  they  do 
not  utilize  the  obsidian  found  iu  large  quantities  east  of  Siver  Peak  land 
Ited  Mountain,  Nevada,  is  rather  singular,  although  this  locality  is  well- 
known  to  them.  A  variety  of  red  obsidian  occurs  in  the  upper  extrem- 
ity of  Owen's  Valley,  which  Mr.  Partz  subjected  to  partial  analysis 
several  years  ago,  and  was  inclined  to  attribute  the  color  doe  to  sub- 
oxide of  copper.  The  same  gentleman  says  he  has  found  bowlders  of 
black  obsidian  several  miles  south  of  Mono  Lake,  which  wonid  weigh 
from  100  to  150  iK)und8. 

The  Mojaves  are  to  some  extent  possessors  of  firearms,  though  bows 
and  arrows  are  frequently  seen.  A  principal  weapon  in  hand-to-hand 
encounters  is  a  club,  with  which  nearly  every  warrior  is  armed.  These 
are  known  to  the  settlers  under  the  uni)oetical  appellation  of  potato- 
mashers.  The  sharp  ends  of  broken  bayonets,  or  some  which  they  ob- 
tain at  the  military  stations,  are  fitted  to  long  poles,  and  used  as  lances 
or  s[>ears.  The  Apaches  use  similar  weapons  when  the  necessaiy 
I>oint8  can  be  obtained. 

The  Seviches  in  the  northwestern  portion  of  theColorado  Plateau  still 
manufacture  stone  arrow-heads.  Among  this  tribe  1  saw  one  made  of 
gold-bearing  quartz,  in  which  were  several  fine  viens  of  the  native 
metal.  All  eflbrts  to  discover  the  origin  of  the  specimen  or  the  locality 
where  it  ha<l  been  obtained  proved  fruitless. 

The  Shoshonees  use  stone  arrow-heads  very  rarely.  Thetypie^tl  form 
was  triangular,  and  not  knife-shaped,  as  is  stated  iu  Jones's  report.^ 
The  question  is  with  what  tribe  did  this  peculiar  form  originate  as  a  typ- 

ally  in  tin*  form  of  a  rolliii^-i>in,  an  clonirated  cylindrical  Htono,  taperin;j  toward  Iwtb 
(•ml**,  l>nt  as  tin-  pestle  was  a  rare  t'orni  for  flu*  soutliwcstorn  tribes  to  us.%  I  have  fi<jnn-<l 
it  instead  of  llio  common  metalinlc.  This  form  of  pcBtlos  was  very  ooiuniou  anion*:  the 
J)clawan-.M  in  I'mnsylvania.  'I'luj  Aztecs  nsi-d  the  metlatl  <if  nearly  the  »;iuie  form  as  is 
f'liiinl  to-il.iy  anion;;  tin*  I'ah-l'les  anil  otljcr  trihc**  in  Nevada  ami  Arizona.  Tyh^rsix*, 
"Thv  nii'tato  is  a  ^<lrt  of  little  tahh*,  hewn  oit  of  h.i'ialt,  with  four  little  fefi,  aufl  i'.> 
sniface  is  enived  Irnm  tin.*  emU  lo  the  iniddh*."  Tylor's  Analniac.  Lon«loii,  1-nI.  i». 
--».  In  Appendix.  ]i.  o.JJl.  he  ^^'ivt'x  tin-  word  as  from  the  Aztec.  Tiie  uianiier  of  u-iuj 
i-*  illnstraled  on  jdat-*  lacin;;  [*.  *JOl  (q.  v ). 

'  Mid.  and  .Snr;;.  Kepoiiei,  vnl.  \iv,  No.  17,  ]>p.  '.VJ\-?}'2\.  A  ]iaper,  liy  the  authur ef 
the  iir.:si  lit  article,  erjntli<l  "Notes  oil  l*oi.soni-d  Arrnw.s."  was  read'hy  Dr.  Ci'ti'.'J'. 
r.  S.  A.,  Iiefon'  the  I'hil.  S<»e.,  Wa^h.,  I).  ( '.,  .Jan.  .'>,  1"*77,  which  was  afterward  pai»- 
l;>liid  in  the  "  l»ail\  li-M-kv  Ml.  News.'"  Denver,  C-d.,  Jan.  17,  1-7 -. 

t  i'linl  (IJiips.     \A.  T,  Stevens,  London,  H7t'.  p.  'JIlO. 

;  li<'p.  n|t.')n  ih«-  J»'ri)im.  nf  \\e-.tern  Wyi»min:;.  inidndin;^  Ycl!ows!(^ne  Xat.  IV.rl:, 
Win.  A.  .l«ni;  s.  I '.  S.  Tji'^is.,  W.i  !i..  l-T.'..  p.  -J  :  1  ;  li.-.  \ 
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ical  one  t  Daring  the  season^of  1872-'73  I  made  thorough  exaiDinatioDS 
of  the  bone  and  sand  heaps,  known  at  the  locality  where  they  were 
foand  (Grand  Eiver,  Dakota  Territory)  as  the  "  Old  Ree  Villages,''  dur- 
ing which  1  found  first  one  of  black  hornstone  mixed  up  with  numerous 
fragments  and  splinters  of  mammalian  bones  and  pieces  of  x>ottery ;  and 
afterward  learned  of  the  existence  of  numerous  specimens  of  this  form. 
Evidently  the  one  figured  in  the  report  above  named  was  transported 
through  aboriginal  barter,  or  the  shape  may  have  been  copied  after 
having  seen  those  among  the  Arickarees.  Specimens  of  nearly  this 
form  are  frequently  found  in  the  old  **  work-shops,'' or  arrow-makers' 
camps,  in  various  sections  of  the  country,  which  appear  to  be  mere 
coincidences.  The  Shoshonees  sometimes  manufacture  their  own  fish- 
hooks, by  taking  a  splinter  of  bone  and  attaching  another  and  a  smaller 
piece  at  one  end,  at  an  angle  of  about  40°,  by  means  of  silver  threads. 
For  catching  the  larger  salmon  trout  with  which  Maggie  Creek,  Inde- 
pendence Creek,  and  the  Owyhee  abound  they  answer  the  purpose  very 
well. 

5.    Medicine  and  incantations. 

As  a  rule,  the  aborigines  have  immense  faith  in  the  imaginary  super- 
natural power  of  a  favored  few.  Those  who  are  so  entrusted  with  the 
temporal  welfare  of  the  tribe  usually  abuse  that  confidence  and  become 
rogues,  if  they  are  not  already  the  most  scheming  villains,  through  which 
tact  and  craftiness  they  generally  attain  the  position  of  an  acknowledged 
^'medicine-man."  Many  of  the  chiefs  secure  and  retain  their  authorita- 
tive and  undisputed  control  of  their  respective  bands  merely  because 
they  are  more  domineering  in  disposition,  which  is  backed  up  by  a  lim- 
ited amount  of  courage,  so  that  they  are,  to  a  great  extent,  obeyed  and 
looked  upon  with  reverence  and  awe.  Under  such  circumstances  I  found 
the  Seviches.  One  man  appeared  the  centre,  from  which,  a  short  time 
previous,  emanated  all  plans  and  schemes  for  the  adoption  and  prosecu- 
tion of  the  tribe.  His  power  was  admitted,  but  what  should  cause  such 
implicit  obedience?  His  mismanagement  finally  broke  tbe  charm,  and 
he  fell  to  the  level  of  the  common  herd.  The  reason  of  his  influence  was 
attributed  to  various  sources,  one  of  which  I  submit  for  what  it  is  worth. 
The  story  may  or  may  not  have  oiiginated  with  the  Indians,  but  when 
they  were  questioned  regarding  their  having  been  duped,  they  neither 
admitted  the  fact  nor  denied  it,  which  would  seem  that  there  must  have 
been  a  cause  for  something. 

Charles  Spencer,  an  interpreter,  who  had  for  many  years  been  connected 
with  the  mail-service,  gave  me  the  following  narration  :  This  chief  was  of 
humble  birth,  and  as  he  had  great  desire  to  become  a  '*  medicineman," 
be  waited  until  an  opportunity  presented  itself.  A  custom  which  had 
always  been  in  practice  in  the  tribe  required  a  *'  doctor"  to  specify  in 
advance  the  number  of  days  required  lor  the  recovery  of  his  patient. 
Failing  in  this  three  times,  t.  6.,  should  the  patient,  on  the  contrary,  die, 
tbe  life  of  tbe  medical  man  paid  the  penalty.*    The  would-be  chief,  fear- 

*  Sir  John  Lubbock  says  tbe  Macas  Indiaos  (Equador)  have  doctors,  wbose  remedies, 
however,  are  mainly,  if  not  entirely,  majrical.  If  they  fail  to  effect  a  cure,  they  are 
sometimes  put  to  death  themselves.     <Jour.  Authrop.  Institnt.,  vol.  iii,  1874,  p.  31. 

[Note  on  the  Macas  Indians  (Equador).] 

Lieutenant  Musters,  R.  N.,  says  "The  position  of  wizard  or  doctor  [Ahonicanka, or 
Tchonck — Pata^ouians  proper]  is  not  a  very  desirable  one,  as  in  the  event  of  his  prog- 
nosticating a  success  in  a  war  expedition,  or  cessation  in  sickness,  or  any  other  event, 
which  is  not  realized,  the  chief  will  not  unfrequently  have  him  killed."    On  iVv^k '^'aR.^% 
of  Patagonia.     <Jour  Anthrop.  Instit.,  vol.  i,  1871,  pp.  VJViVn, 
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iu^  the  worst  i]])on  such  a  trial,  decided  to  attempt  a  new  form  of  iutinii- 
datioD.  He  annonnced  that  he  was  balletproof,  and  offered  to  allow 
auy  Indian  to  shoot  at  bim  at  a  re8i>ectable  distance,  provided,  always, 
that  he  be  permitted  to  load  the  gun.  The  trick  was  a  success,  which 
depended  upon  this  reason,  that  in  casting  the  bullets  a  piece  of  paper 
was  laid  in  the  mould  so  as  to  cut  the  metal  into  hemispheres.  When 
the  metal  and  paper  were  removed  from  the  mould,  the  two  pieces  of 
lead  were  placed  together  and  the  edges  pressed  down  with  the  back  of 
a  knife  so  as  to  cause  sufficient  lapping  to  make  them  adhere.  lu  load- 
ing, these  were  separated,  and  the  fragments,  on  account  of  their  semi- 
spherical  proportions,  diverged  sufficiently  to  cause  no  special  danger  to 
the  one  fired  at.  After  awhile  the  deception  became  known,  when  the 
tribe  demanded  the  enforcement  of  the  old  usage.  So  when  a  patient 
was  submitted  to  his  charge,  he  would  almost  invariably  prophesy  a 
fatal  termination  upon  a  given  day.  During  this  time  infusions  were 
administered,  which  were  no  doubt  harmless ;  but  should  the  patient 
show  signs  of  recovery  when  death  had  been  prophesied,  another  infusioa 
was  substituted,  which  terminated  to  the  credit  of  the  "doctor.'*  This 
trickery  was  discovered,  but  the  very  audacity  of  the  perpetrator  saved 
his  life. 

It  is  next  to  imi>08sible  for  a  tribe  so  low  in  the  scale  of  civilucation 
to  have  so  much  judgment  in  matters  of  this  sort,  and  I  therefore  do  not 
claim  that  much  credence  can  be  placed  upon  the  tale  as  given. 

I  was  informed  but  a  short  time  since  by  Mr.  Partz,  of  California,  that 
during  a  recent  outbreak  of  small-i>ox  among  the  Pah-Utes,  of  Owen's 
Valley,  California,  and  Southwestern  Nevada,  many  members  of  affected 
families  were  secretly  put  out  of  the  way,  as  the  disease  is  considered 
a  curse,  and  the  sooner  the  afflicted  family  is  disposed  of  the  sooner  will 
the  evil  be  removed.  In  what  manner  the  victims  disappeared  cannot 
be  discovered ;  suflicieiit  is  it  to  know  that  they  have  forever  left  their 
rerrestrial  baunt.s. 

I  witnessed  a  cure  for  colic  in  a  Mojavo  which  had  been  induced  by 
eating  an  over  quantity  of  horse-tiesh.  A  Pah-Ute,  from  Rio  Virgeu, 
presented  himself  as  a  *'  medicine-man"  who,  for  the  fee  of  one  blanket, 
ottered  to  remove  the  evil  spirit.  The  patient  was  laid  upon  the  Siind 
face  downwards,  when  the  Pah-Ute  placed  one  of  his  feet  upon  the  for- 
mei's  back,  over  the  afflicted  spot ;  then  pressing  it  gently  as  if  he  were 
kneading  it,  he  would  aecompany  the  movement  with  a  mournful  chant, 
grasping  the  while  at  an  imaginary  object  near  his  patient  and  pretend- 
ing to  throw  it  violently  into  the  air.  After  this  had  been  continued  for 
nearly  an  hour,  he  rolled  the  patient  over  on  his  back,  taking  the  head 
and  shoulders  into  his  arms  and  sang,  rocking  himself  from  side  to  side, 
repeating  short  phrases,  and  exorcising  the  spirit  to  leave;  then  after  a 
time,  he  would  return  to  his  former  manner  of  treatment  with  renewed 
vigor  until  about  three  hours  had  been  consumed.  When  the  Mojave 
considered  himself  relieved,  the  Pah-Ute  received  his  pay  and  departed. 
During  this  performance  great  silence  was  observed,  and  we  "  who  were 
not  of  them^'  were  frequently  admonished  for  laughing. 

The  Mojaves,  since  the  arrival  of  the  United  States  troops  and  the 
floating  element  which  usually  precedes  civilization,  have  b^en  fearfully 
afflicted  with  venereal  diseases.  These  Indians  are  not  noted  for  strict 
adherence  to  marital  vows  or  laws,  neither  are  the  girls  for  chastity,  thus 
atitording  an  opportunity  for  remarkable  and  rapid  progress  of  disease, 
which  has  been  doing  more  toward  the  gradual  extinction  of  the  race 
than  all  other  causes  combined.  They  claim  to  gain  relief  in  takinj; 
certain  (luantiUes  oV  U\^  ^v\\\\w  vA\V>\vscences  which  occur  on  the  dry. 
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muddy  banks  of  the  Colorado  Biver.  This  effloresceDce  consists  chiefly 
of  the  following  ingredients:  sodiam  chloride,  magnesium  chloride,  and 
sodium  sulphate,  with  which  the  water  is  largely  impregnated,  and  which 
are  left  by  the  evaporation  of  the  water  during  summer  and  autumn. 
No  salutary  effects  can  be  derived  from  this  in  the  hands  of  the  Indians, 
.  and  Dr.  Stirling,  post  surgeon  at  Camp  Mojave,  says  he  has  never  seen 
any  perceptible  benefit  during  his  residence  there. 

The  Apach^  Mojaves  and  Coyotferos  employ  several  varieties  of  herbs 
and  barks  which  I  was  unable  to  identify  owing  to  the  dried,  crushed, 
and  semi  pulverulent  condition  in  which  I  saw  them.  Dr.  Loew*  says 
that  the  bark  of  Populus  tremuloides  is  useil  by  the  Indians  as  a  remedy 
against  fever  and  ague,  though  to  what  tribes  in  particular  this  state- 
ment refers,  is  not  stated 

Dr.  Milan  Soul^,  who  was  for  several  years  post  surgeon  at  Camp 
Apache,  informed  me  that  the  Coyot^ros  were  in  the  habit  of  tying  their 
women  who  were  in  labor  against  a  tree  with  the  hands  above  the  head, 
and  left  in  this  position  until  the  child  was  bom.  He  says  this  cruelty 
does  not  appear  to  affect  them  in  any  perceptible  manner,  as  they  are 
a  much  shorter  time  in  resuming  their  usual  avocations  than  the  most 
robust  white  woman  that  he  has  known. 

The  Coyot^ros  employ  a  splint  in  fractures  and  gunshot  injuries  of 
the  extremities,  which  is  well  worth  noting.  The  appliance  which  I  was 
shown  had  been  used  by  a  warrior  in  a  case  of  comminuted  fracture  of 
the  middle  third  of  the  left  humerus.  It  consisted  of  twelve  or  fifteen 
small  strips  of  cedar  wood,  each  of  which  was  about  a  quarter  of  an 
inch  thick,  three-tburths  of  an  inch  wide,  and  from  G  to  8  inches  long. 
Abont  one  inch  and  a  half  from  the  ends  the  slats  were  secured  by 
means  of  their  sinew  bands,  so  as  to  leave  intervening  spaces  of  about  a 
quarter  of  an  inch.  The  splint  was  then  fitted  around  the  arm  and 
drawn  taut  by  means  of  the  loose  sinew  ends  and  tied.  Through  the 
spaces  water  could  be  applied  to  the  wound  without  injury  to  the  ap- 
l)liance,  and  a  free  discharge  was  likewise  secured. 

6.  Disposition  of  the  dead. 

The  Shoshonees  of  the  upper  portion  of  Nevada  are  not  known  to  have 
at  any  time  practised  cremation.  In  Independence  Valley,  under  a  de- 
serted and  demolished  wickeup  or  ^>  brush  tent,"  I  found  the  dried-up 
corpse  of  a  boy  about  twelve  years  of  age.  The  body  had  been  here 
for  at  least  six  weeks,  according  to  information  received,  and  presented 
a  shrivelled  and  hideous  appearance.  The  dryness  of  the  atmosphere 
prevented  decomposition.  The  Indians  in  this  region  usually  leave  the 
body  when  life  terminates,  merely  throwing  over  it  such  rubbish  as  may 
be  at  hand,  or  the  remains  of  their  primitive  shelter  tents,  which  are 
mostly  composed  of  small  branches,  leaves,  grass,  &c. 

The  Pah-Utes  in  California  just  west  of  Columbus,  Nev.,  are  not  known 
to  practise  cremation.  Mr.  Julius  Partz,  of  Partzwick,  CaL,  says  that 
during  his  residence  of  twelve  years  he  has  not  been  able  to  obtain  any 
information  that  they  do  or  ever  did.  Mr.  Wetherill,  who  has  spent 
twenty  years  in  that  region  affirms  the  statement.  They  bury  their 
dead  in  a  grave  about  4  or  5  feet  deep,  depositing  with  the  body  small 
quantities  of  seeds,  fruit,  and,  when  possible,  several  coins.  My  halt  of  a 
tew  hours  was  not  sufficient  to  obtain  much  information,  and  none  from 
personal  observation. 

•Locw'sLirttof  Plants  of  Med.  aud  Tech.  Use.  <  U.  S.  Geograph.  Surv.  West  of  lOOtU 
Mer.,  vol.  iii,  p.  60H. 
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The  PahUtea,  known  as  tho  Cottonwood,  Com  Creek,  Spring  Moon* 
tain,  and  Pab-rimp  Spring  Indians,  cremate  their  dead.*  Tbo  followiDg 
extract  has  alhision  to  the  Spring  Mountain  Pah-Utes,  which  descriptioo 
answers  for  the  others: 

*^  The  tract  of  country  allnded  to,  as  occupied  by  this  sub-tribe  of  Pah- 
Utos,  lies  between  lloo  and  115^  35^  west  longitude,  and  iatitado  north 
;^50and3GO;  Spring  Mountain  being  their  stronghold,  and  is  located 
just  north  of  the  *old  Spanish  Trail.'  By  means  of  an  interpreter,  I 
obtained  tlie  following  information :  Upon  the  death  of  one  of  these 
Indians,  a  pile  of  wood  is  prepared  in  the  immediate  vicinity  ;  this  is  80 
arranged  as  to  form  a  rectangle,  to  the  height  of  from  2  to  3  feet.  The 
corpse  is  laid  upon  this,  when  the  fire  is  started,  after  which  wood  is 
continually  thrown  across  the  pile  until  the  body  is  reduced  as  much  as 
possible.  Mestpiite,  pine,  and  cedar  is  usually  employed,  and  forms  ex- 
cellent coals  and  an  intense  heat.  All  the  remaining  property — as 
wearing  apparel,  arms,  blankets,  dogs,  and  horse  (if  the  deceased  pos- 
sessed any) — is  also  burnt.  These  last-named  valuables,  I  have  no  doubt, 
may  be  represented  to  have  been  burnt,  as  the  number  of  horses  among 
the  tribe  is  very  small.  Although,  according  to  their  belief,  when  an 
Indian  dies  his  spirit  goes  to  the  East,  which  they  Consider  the  '■  White 
man's  hunting  ground,'  ^^^  where  he  would  be  unable  to  hunt  were 
his  spirit  deprived  of  these  valuable  aids.  The  remains  are  then  covered 
icith  earth,  whether  really  buried  I  could  not  ascertain." 

Since  the  alK)vo  was  written  I  have  been  informed  that  the  ashes  are 
gathered,  place<l  into  a  piece  of  cloth  or  blanket,  and  buried. 

It  api)ears  singular  that  two  subtribes  of  one  nation,  speaking  the 
same  language  or  dialect,  should  vary  so  much  in  such  an  important 
rite.  By  way  of  illustration  and  to  show  some  additional  points  of  inter- 
evst  connected  with  this  subject,  I  will  briefly  allude  to  the  mode  prac- 
tised by  the  Pah-Utes  at  Marysville,  Oal.  As  soon  as  an  Indian  is  taken 
sick  all  the  rejst  of  the  band  remove  their  eflFects  a  short  distance  to  a 
tcMiii)orary  (Micaini)inent.  Tlie  sutferer  is  left  in  his  tent  or  tcickeupy  where 
lie  is  constantly  su])plicd  with  food  and  other  necessaries  by  one  or  more 
of  liis  relatives  or  friends.  If  death  ensues,  the  corpse  is  wrapped  in  a 
blanket  and  tied  with  n>]K\s  ma<le  of  f^rass,  so  as  to  straighten  the  body 
as  much  as  possil)l(\  i^inc  wood  is  then  collected,  a  pile  erected  about 
S  feet  long,  4  feet  broad,  and  from  U  to  4  feet  in  height,  the  quantity 
taken  being  suflicient  to  consume  the  body.  All  the  members  of  the 
band  (personal  enemies  excepted)  then  form  a  circle  around  the  pile, 
upon  which  the  pallbearers  have  deposited  the  corpse;  the  pile  is  ignited, 
and  as  the  whole  is  being  consumed,  tho  widow  or  widower,  as  the  case 
may  be,  advances  and  besmears  the  face  with  the  black  exudation  which 
results  from  tho  blood,  grease,  and  resin,  intimating  that  no  ofters  of 
marriage  will  be  received  or  given  as  long  as  any  traces  remain  thereof; 
the  ashes  of  the  body  are  then  carefully  collected,  put  into  a  small  bag 
made  of  rushes  or  a  piece  of  cloth  or  blanket,  and  buried  iu  a  suitable 
locsility  in  the  neighborhood. 

The  Mojaves,  at  Camp  Mojave,  on  the  Colorado  River,  Arizona,  bury 
their  dead  iu  the  sandy  hills  six  or  seven  miles  northeast  of  the  settle- 
ment. They  never  bury  their  dead  on  the  western  side  of  the  river,  as 
they  consider  that  region — especially  the  mountain-i)eaks — the  abode  o( 
the  souls  of  bad  Indians  and  evil  spirits.  Tho  reason  of  this  supersti- 
tion can  no  doubt  l)e  attributed  to  the  following.    Most  of  the  elevated 

pcnnts  of  land  are  daily  subjected  to  severe  sliowers,  accompanied  by 

'  —  ■  ■ — » 

^  Viih  Utf  Cremation,     livml  before  tlio  Am.  Phil.  Soc,  Dec.  Itb,  l':*7  1.     [W.  J.  II.] 
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the  most  terrific  electrical  displays.  The  hot  air  of  the  sarroundiog 
valleys  and  deserts  ascends  the  monntain-sidesy  where  it  condenses  by 
coming  in  contact  with  a  cooler  medinm,  forming  vapor  which  finally 
descends  in  copious  precipitation.  These  showers  are  nearly  of  daily 
occurrence,  bnt,  owing  to  the  sandy  and  porons  natare  of  the  soil,  the 
water  is  instantly  absorbed,  and  bat  little  reaches  the  base  of  the  moan- 
tains  over  the  snrface.  The  Indians  being  naturally  superstitious,  such 
terrific  but  short  storms,  attended  with  extraordinary  flashes  of  light- 
ning and  the  continued  rumbling  sounds  of  thunder  in  one  locality,  are  to 
them  inexplicable,  and  they  therefore  attribute  it  to  incensed  gods  and 
evil  beiogs. 

The  Coyoteros,  upon  the  death  of  a  member  of  the  tribe,  partially  wrap 
up  the  corpse  and  deposit  it  into  the  cavity  left  by  the  rempval  of  a  small 
rock  or  the  stump  of  a  tree ;  after  the  body  has  been  crammed  into  the 
smallest  possible  space  the  rock  or  stump  is  again  rolled  into  its  former 
position,  when  a  number  of  stones  are  placed  around  the  base  to  keep 
out  the  coyotes.  The  nearest  of  kin  usually  mourn  for  the  period  of 
one  month,  during  that  time  giving  utterance  at  intervals  to  the  most 
dismal  lamentations  which  are  apparently  sincere.  During  the  day 
this  obligation  is  frequently  neglected  or  forgotten,  but  when  the 
mourner  is  reminded  of  his  duty  he  renews  his  howling  with  evident  in- 
terest. This  custom  of  mourning  for  the  period  of  thirty  days  corres- 
ponds to  that  formerly  observed  by  the  Natchez.* 

7.  Stone  circles  and  signals. 

On  the  trail  leading  from  Eureka  southward  towards  Hot  Spring 
Gallon  and  Belmont,  Nev.,  I  saw  at  various  localities  the  remains  of 
stone  circles  which  had  been  placed  there  by  the  Shoshonees.    The 
ranges  of  mountains  and  foot-hills  generally  are  covered  with  piiion 
pines  (Pintts  edulisy  Engelm.),  and  the  Indians  who  occupy  small  patches 
of  soil  for  permanent  encampments  are  in  the  habit  of  selecting  suita- 
ble places  along  the  foot-trails  for  gathering  the  fruit  of  this  tree  and 
storing  it  for  future  use,  as  well  as  for  such  of  the  tribe  as  may  be  unable 
to  reach  camp,  or  in  want  of  food.    All  the  Shoshonees  in  the  south- 
ern interior  of  Nevada  provide  for  one  another  in  this  manner.    Their 
mode  of  doing  so  is  in  this  wise :  a  number  of  stones  are  collected,  each 
of  them  from  one-half  to  one  cubic  foot  in  bulk,  which  are  arranged  in 
vhe  shape  of  a  circle  having  a  diameter  of  from  2  to  4  feet.     When  fruit 
B  abundant  (which  happens  but  once  in  three  years  in  respective  local- 
ties),  it  is  collected  and  piled  into  this  circle,  covered  over  with  sticks 
end  leaves,  and  finally  a  layer  of  earth,  so  as  to  secure  them  from 
ndents  and  birds.    Still,  the  former  more  frequently  discover  these 
deposits  than  the  benighted  warrior  for  whom  they  are  intended.    The 
Sioshonees  do  not  know  of  any  circles  connected  with  religious  or 
birial  ceremonies.    Circles  of  similar  construction  are  sometimes  found 
upn  elevated  points  of  land,  where  they  are  located  as  a  post  from 
wUch  a  good  view  of  the  surrounding  country  can  be  obtained.    Here 
seitinels  are  posted,  or  a  voluntary  watcher  may  take  his  station  to 
notfy  his  camp  of  the  approach  of  game  or  of  strangers,  where  his 
tim^  is  employed  in  making  or  mending  bows,  arrows,  or  other  trap- 
pings.   Frequently  the  ground  around  such  watch-stations  is  literally 
covced  with  cbirt  or  flint  chippings.    These,  however,  arc  not  of  very 
recat  date,  as  stone  darts  are  not  as  numerous  as  they  were  previous 

*  Jues^s  citation  of  Father  le  Petii's  accoant  of  the  Natchez  IndiaDS.     <Explor. 
Abori,  Rem.  of  Teun.,  p.  21.    [S.  C.  No.  259.] 
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to  their  communication  with  the  whites.  Nevertheless,  these  siliceons 
chips  and  tlakes  arc  tbund  more  or  less  about  all  such  stations,  and  from 
the  surface  accumulation  we  are  enabled  to  form  some  idea  of  their  age. 
None  have  been  found  throughout  the  region  under  consideration  that 
would  indicate  a  greater  existence  than  from  forty  to  fifty  years. 

A  circle  of  this  sort  is  described  and  figured  in  the  ^4{ei>ort  uiion  the 
Reconnaissance  of  North  western  Wyoming,  1873,  &c.,  Capt.  \V.  A.  Joues, 
United  iStates  Engineers,^  p.  204,  which  is  considered  to  be  a  relic  of  a 
race  of  sun- worshippers.  Dr.  F.  M.  Endlich,  of  this  Survey,  has  observed 
similar  circles  throughout  the  northern  Shoshonee  country,  in  and  about 
which  he  has  invariably  found  flint  chippings  upon  the  removal  of  sur- 
face accumulations  of  earth,  sand,  or  other  materials.  This  has  been  the 
result  of  my  examinations  in  the  Pah-Ute  country  of  Soatbwestern  Ne- 
vada, where  Ihese  Indians  had  similar  *^ lookout"  stations  in  former 
times.  The  Hualpai,  of  Arizona,  are  also  in  the  habit  of  stationing  sen- 
tinels upon  elevated  ridges  or  buttes,  where  stones  have  been  arranged 
in  some  manner  so  as  to  indicate  at  a  glance  for  what  purpose  the  loca- 
tion is  intended.  Similar  circles  are  constructed  by  the  Dakotas  on  the 
Upper  Missouri,  ^uy  elevated  locality  in  the  immediate  vicinity  of  an 
encampment  will  furnish,  upon  examination,  circles  or  other  forms  of 
stones.  From  such  posts  of  observation  signals  can  be  transmitted  to 
camp,  imparting  information  as  satisfactorily  as  if  delivered  verbally. 

It  is  a  well  known  fact  that  the  Indians  throughout  the  coantry  have 
a  most  remarkable  manner  of  transmitting  information  quickly  and 
accurately.  The  tribes  of  the  Southwest  signal  by  means  of  smoke  by 
day  and  fire  by  night.  The  Dakotas  even  mix  their  combustibles  so  as 
to  cause  different  shades  of  smoke;  using  dried  grass  for  the  lightest 
and  pine-leaves  for  the  darkest,  a  mixture  of  the  two  in  proper  propor- 
tions causing  an  intermediate  shade.  These,  with  their  manner  of  caus- 
ing a  colunui  or  several  puff's  of  smoke,  furnish  materials  for  a  variety 
of  combinations  and  effects.  At  night  a  continued  fire  and  puffs  or 
llasbes  are  used.  Frequently  a  bunch  of  grass  is  tied  to  an  arrow,  lit 
at  the  top,  and  tired  into  the  air.  The  Aztecs  signalled  to  one  another 
by  means  of  tire  during  the  siege  of  the  city  of  Moxico,*  and  by  this 
means  likewise  summoned  their  forces. 

S.  Tottery  and  picto(;raius. 

In  the  White  ^lountains,  between  the  towns  of  Columbus,  Nev.,  am 
IJentou,  Cal.,  are  varied  rejnaius  of  pictographs  or  rock  drawings 
These  rei^resent  odd  figures  of  men,  animals,  and  other  unintelligihl 
characters.  The  l*ah-Utes,  who  are  located  on  the  California  side,  aul 
the  Shoshonees  near  Columbus,  are  unacquainted  with  them.  These  r- 
mains  of  a  former  race  are  more  numerous  as  we  prececal  southward,  aid 
they  evidently  belong  to  the  same  group  who  have  left  such  numerd^ 
and  interesting  evidences  of  a  former  extensive  population  in  Arizoa. 
About  -0  miles  south  of  Benton  the  stage-road  passes  through  a  narp'^ 
<leflle,  upon  either  side  of  which  the  i)erpendicular  walls  rise  to  a  heiht 

*  Vrrdiwl.  Hist.  «lc  Ioh  Siir.  «lt;  la  ('(mqnestji  do  la  Nueva-Espana.  Per  el  C;i|tai. 
Bornal  Diaz  di'l  CaMillo.  <IIidtui-iadorfS  prim,  do  ludiau.  Dou  Kuritpie  do  ^^iJ• 
Tom.  Se^.,  p.  117,  Madrid,  l.-:):5. 

[Bib.  Aiit.  Ksp.,  vc»I.  i,  .Vi.] 

A  deKcription  is  given  <m  tole;;ra])hiii«;  by  moans  of  smoko  by  Capt.  Rando^li  C- 
Many,  IJ.  S.  Army.     <"'riiii  riairio  Traveller,''  etc..  New  York,  lV>l».  pp.  V*JG--»-J. 

Not»i  on  aeeuiarv  in  signals  is  also  given  by  Josiab  (in*gg.  < Commerce  i  tho 
Prairies,  etc.,  New  York,  vul.  ii.  l-'M,  p.  M*Xi, 


I 


HOFFMAifJ  ETHNOGRAPHIC   OBSERVATIONS.  475 

of  about  40  or  50  I'eet.  These  walls  are  literally  covered  with  carvings, 
resembling  those  found  in  the  mountains  just  named. 

The  next  locality  which  I  found  to  bear  any  relics  of  this  sort  was  on 
the  trail  from  Peach  Springs  to  Bill  Williams  Mountain,  Arizona ;  the 
most  prominent  one  being  portion  of  a  small  basaltic  column  protruding 
from  the  surface,  upon  which  was  the  representation  of  a  sun,  besides 
other  oild  characters.  The  former  was  composed  of  a  circle  about  3 
inches  in  diameter,  about  an  inch  beyond  the  periphery  of  which  were 
seven  or  eight  lines  radiating  from  it.  Some  of  these  lines  were  nearly 
obliterated,  and  could  only  be  distinguished  npou  the  closest  scrutiny. 
That  side  of  column  bearing  any  characters  whatever  faced  the  east. 

I  do  not  believe  that  all  of  these  pictographic  remains  have  anything 
to  do  with  historical  records.  Many  of  the  children  of  the  Pah-Utes  in 
Southern  Nevada  are  in  the  habit  of  chipping  upon  large  stones  such 
figures  as  may  strike  their  fancy.  Upon  tho  hard  flat  sand-beds  near 
Spring  Mountain  our  whole  outfit  was  recorded  in  this  way.  Mr.  W.  H. 
Jackson,  of  your  Survey,  states  that  the  Zuiii  children  pass  their  time  in 
cutting  and  chipping  various  characters  and  figures  upon  the  rocks. 
His  experience  and  investigations  among  the  various  tribes  of  New 
Mexico  and  adjacent  regions  is  entitled-to  some  considerations,  at  least 
in  this  respect. 

The  accompanying  drawings  illustrate  some  rock-cuttings  made  by 
the  Coyot^ros,  and  found  near  Camp  Apach6.  They  are  modern,  and 
show  their  mode  of  conveying  ideas.  The  principal  figure  represents  a 
pack-mule.  The  four  lines  beneath  show  the  additional  number  of  ani- 
mals used  for  this  purpose,  connected  with  the  same  train.  The  star  is 
intended  to  represent  the  sun,  the  accompanying  number  of  spots  rep- 
resent the  number  of  suns  or  days  the  party  spent  in  the  territory  of  the 
Coyotferos.  The  pictograph  was  not  intended  as  a  record,  but  was  made 
for  pastime  and  the  want  of  better  occupation.  The  remains  of  an  ex- 
tensive occupation  of  the  territory  became  apparent  in  the  region  from 
Postal's  Eanch  southward  for  a  distance  of  about  15  miles  toward 
Prescott.  This  valley  is  about  10  miles  broad  in  the  middle,  and  through- 
out the  entire  western  portion  of  it  are  found  small  flattened  elevations 
of  earth  containing  numerous  fragments  of  pottery.  These  heaps  of 
debris  appear  to  be  the  remains  of  ancient  adobe  dwellings,  which  were 
located  from  20  to  40  feet  apart  in  all  directions.  Along  the  western 
ridge  can  be  traced  an  arroyo  or  water-ditch,  which  is  at  this  day  at 
least  40  feet  above  the  level  of  any  springs  or  streams.  This  canal  can 
be  traced  northward,  but  not  beyond  the  limits  of  the  valley  itself. 
Korth  of  the  valley  are  large  beds  of  dried-up  streams,  which  were  no 
doubt  the  source  from  which  water  was  obtained  for  irrigation.  It  has 
been  supposed  that  the  climatic  changes  were  brought  about  by  some 
geological  convulsions,  which  resulted  in  the  gradual  sterility  and  de- 
population of  this  ancient  region.  Facts,  which  become  more  apparent 
every  day  in  other  countries,  indicate  rather  that  this  former  people 
caused  their  own  destruction,  unconsciously,  by  the  dehoscaiion  of  the 
regions  thus  affected.  In  other  places  throughout  Arizona  and  New 
Mexico,  where  we  find  the  remains  of  large  settlements  and  towns,  we 
have  evidences  of  large  water-courses  filled  with  sand  and  rounded 
pebbles  and  bowlders,  showing  that  the  country  must  have  been  excel- 
lent for  agriculture  in  remote  times.  Here,  where  the  country  is  undu- 
lating or  hilly,  and  geologically  perfect  for  the  growth  of  forests,  wo 
find  nothing  but  a  few  stunted  cedars,  pines,  or  cottonwoods.  Cedar 
ratters  examined  in  some  of  the  cliff  remains  indicate  trees  of  large  size; 
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those,  employed  in  buihling  and  for  fuel,  in  time  disappeared,  when  tfa^ 
Koil  beeanie  so  dried  as  not  to  be  able  to  afford  the  requisite  conditions 
for  ruin-fall.  We  have  not  only  to  look  to  Germany,  to  France,  and 
to  Oriental  countries,  but  our  own  country  affords  unmeroas  exam- 
ples where  the  gradual  cutting  away  of  timber  has  so  affected  the  annoal 
rain-fail  as  to  injure  crops  very  materially,  and  to  the  extent  of  tbon- 
sands  of  dollars.  Dr.  G.  A.  Boardman,  of  Maine,  has  had  a  large 
spring  disappear  entirely  within  a  period  of  about  twenty  years  merely 
through  the  clearing  of  one  or  two  small  hills.  Within  twelve  years, 
streams  of  coiisidera!)le  size  have  nearly  disappeared  from  the  same 
cjuiso  in  Eastern  Pennsylvania.  In  this  locality  the  crops  are  more 
alfected  by  blight,  mildew,  and  other  diseases  of  a  similar  nature  than 
fornunly,  an<l  the  farmers  are  beginning  to  realize  the  danger  incurred 
through  this  wilful  or  negligent  destruction  of  forests. 

Upon  the  fragments  of  jiottery  found  throughont  Arizona  there  ap- 
pears to  be  a  similarity  of  designs.  The  styles  of  ornamentation  npoa 
those  found  at  I*ostal's  Ilanch  correspond  in  every  particular  with  those 
oceurring  in  and  about  the  cliff  dwellings  near  Camp  Verd5,  70  miles 
east.  That  the  Cliff-Dwellers  occupied  this  valley  for  raising  their  crops 
and  for  agricultural  purposes  generally  seems  evident  from  the  fact  that 
it  is  the  only  really  favorable  district,  but  one,  found  within  convenient 
distance  from  the  cliff  remains,  and  also  the  nearest  patch  of  irrigable 
land  upon  which  we  find  any  traces  of  former  occupation. 

The  cliff  dwellings  appear  to  have  been  occupied  during  the  winter  sea- 
son or  in  times  of  danger  from  hostile  incursions  of  neighboring  tribes. 
A  description  of  the  most  important  is  given  elsewhere. 

Fragments  of  pottery  collected  in  the  valley  from  PostaPs  Banch 
soutliwanl  to  near  Prescott,  on  the  banks  of  the  Colorado  Chiqaito. 
iioar  the  mouth  of  the  Hio  IMierco,  and  along  Beaver  Creek  from  near 
('amp  Verd^  up  to  ^Montezuma  Wells,  show  a  general  similarity  of  con- 
sistence and  oriiainentatioii.  ]\Iost  of  the  i)ieces  have  a  smooth  "exterior, 
fre(|nently,  or  I  might  say  usually ,  enamelled,  sometimes  having  the  de- 
si;^Mis  cut  into  tin*  nuiterial  as  if  it  had  been  (lone  with  a  pointed  stick.* 
Ijiiprintsof  fingeriunls  sometimes  occur,  as  well  as  the  impressions  of 
tin*  ^^ieker- work  in  wliicli  tlie  vessels  were  found.  The  specimens  are 
iinw  ill  the  National  ^Iiiseum,  and  bear  an  exact  resemblance  to  thos?*' 
lii,aire<l  by  Mr.  Thomas  lOwhank.t  The  glazing  or  enamelling  is  gener- 
ally (»f  a  (lark  hluish  black  or  brown  color,  although  other  tints  arc  not 
of  unfnMjuent  o(!cnrrence,  such  as  gray,  red,  and,  rarely,  white.  The 
most  remarkable  feature  in  the  designs  is,  that  there  are  numerous  fac 
similes  of  those  found  upon  the  walls  of  the  ruins  at  Mitla,  in  ancienr 
Anahuac.  This  gives  one  reason  to  presume  that  the  Moqni,  Zuiii,  ami 
Pueblos  were  more  clo.sely  allic^d  in  remote  times,  and  that  to  this  alli- 
ance belonged  the  Clilf  Dwellers,  whose  identity  appears  to  have  merged 
with  the  Aztecs.f  The  general  styles  of  architecture  and  the  ceramic 
art  8(»em  very  closely  allied  between  that  of  the  Moquis,  Pueblos,  ami 
(Miff-Huilders,  and  with  better  reason  than  that  the  Seviches  and  Hnal- 
l)ais  should  be  two  of  the  ancient  Moqui-Pueblos,  which  is  well  proven 


*  Kr.'v;^!n<*iitH  braiing  similar  indontatidiis  and  impressions  orcnr  in  the  i-emain* '^J 
till'  ••  Old  Hvii  Villaj^rs  '■  at.  (irand  Kivcr,  1).  T.     Soo  "Ancient  Hearths  aud  Mo*l.  b^' 
lu'inaiiis,"  v\r..  Pro.  IJom.  Soo.  Nal.  Hist.,  vol.  xviii.  r)«?c.  15,  l-^T;"*.  pp.  X:(»l*-*J1*J. 

t  Lieiitniaiit  Wliippli's  Kcport  upon  tbo  Indian  Tribes,  pp.  48, 4\}.  <Pae.  II,  11.  Kipoii. 
vol.  ill, 

t  'i'li«^  Aztecs  point  to  the  northwost-  as  the  source  of  their  mijjrations.  and  Von  Hnri.- 
boldt.  i;;norant  of  the*  e.\i!9ti'nee  of  any  ruins,  supposed  them  to  havo  come  from  lb.' 
<lirection. 
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that  such  is  tho  case.*  These  two  tribes  are  as  low  in  the  scale  of  civili- 
zation as  any  tribes  foaud  in  the  Southwest ;  are  iguoraut  of  agriculture 
and  the  manufacture  of  pottery ;  whereas  the  Moqui  cultivate  large  areas 
of  soil  and  continue  to  produce  some  really  excellent  examples  of  ce- 
ramic art. 

What  traditions  exist  at  this  day  among  the  tribes  of  Arizona  regard- 
ing Montezuma  appear  to  have  originated  with  the  early  Spanish  ex- 
plorers. No  reliance  can  be  placed  upon  them,  at  least  from  which  wt* 
can  deduce  any  theory  regarding  their  former  history. 

9.  Ruins. 

Remains  of  foundation-walls  exist  in  considerable  numbers  on  the  east- 
ern banks  of  the  Colorado  Chiquito.f  Upon  these,  more  recent  struc- 
tures had  been  erected  of  adobe  and  wood,  which  have  long  since  gone 
to  decay.  Immense  quantities  of  broken  pottery  lie  scattered  over  the 
ground,  among  which  are  numerous  fragments  of  obsidian,  carneliau, 
and  other  varieties  of  silicious  stones,  foreign  to  the  soil. 

Several  miles  north  of  Camp  Yerd^,  on  the  west  bank  of  Beaver  Creek, 
the  limestone  wall  forms  a  perpendicular  escarpment  about  100  feet  high. 

About  half-way  between  the  summit  and  the  base  of  this,  into  an  ex- 
cavation either  natural  or  artificial,  is  built  a  large  and  imposing  clilf 
fortress.  I  say  fortress,  from  the  fact  that  all  the  cliff  dwellings  from 
this  locality  upward  along  the  stream  to  Montezuma  Wells,  a  distance 
of  about  6  or  8  miles,  are  very  small,  containing  but  a  single  room 
(very  rarely  two),  the  dimensions  of  which  vary  from  4  to  8  feet  square 
and  from  3  to  5  feet  high.  At  a  short  distance  they  appear  like  swallow- 
nests,  rather  than  habitations  at  one  time  occupied  by  human  beings. 

The  fortress  is  about  30  or  35  feet  in  height,  each  story  receding  several 
feet ;  the  horizontal  distance  of  the  front  wall  is  about  50  feet,  the  walls 
being  built  nearly  out  to  the  face  of  the  escarpment.  There  is  a  square 
tower  in  the  middle  front  of  the  lower  wall,  through  which  I  found  the 
only  means  of  access.  The  tower  or  bastion  is  nearly  6  feet  square,  the 
first  floor  being  at  present  so  covered  with  guano  and  bat-lime  that  it  is 
difficult  to  ascertain  the  exact  dimensions  as  regards  height.  There  is 
an  opening  in  the  second  floor  of  the  bastion  through  which  I  had  to 
crawl  before  being  able  to  gain  an  entrance  to  the  main  rooms  above. 
The  floors  are  constructed  of  logs,  about  one  foot  thick,  which  had  been 
partly  flattened  above  and  below  by  rude  cutting-tools.  Over  these  are 
laid,  at  right  angles,  thin  saplings  of  cedar,  which  are  in  succession  cov- 
ered by  layers  of  dirt,  fragments  of  pottery,  and  bird  and  bat  manure. 
In  the  second  story,  afterdiggiugdown  tea  depth  of  over  2  feet,  we  reached 
the  floor.  The  second  story  is  divided  into  several  different  apartments, 
averaging  from  8  to  10  feet  in  length  and  about  0  feet  in  depth.    The 

*  Leroux  gives  the  following  in  Lieutenant  Whipple's  Report  upon  the  Indian  Tribes, 
<Pac.  11.  K.  Kep.  vol.  iii.,  p.  13. : 


1 

Tribal  names. 

1 
In  Znni. 

1 
Gnal-pi 

Wathl-i)i-e. 

Shi-\vln-na 

Shi-wfu-e-wa. 

[The  syllables  Gnal  and  Una!  are  pronounced  as  in  Spauish.] 

i  Lieutenant  Whipple  notices  those  in  his  itinerary  report.     <Pac.  R  R.  Rep.,  v(\\A\v 

\\    4  0,    ti. 
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oitoiiiiigs  U-ndiiifir  I'roin  one  to  tbc  other  are  low  mid  acnroely  large  enongk 
to  atlmitH  man  ot'onlinary  stature.  Tlie  roof  of  tlie  necoad  Btor^fonDt 
tlie  floor  for  a  nort  of  parapet ;  the  wall  which  extends  u[>  from  the8li)i;r 
Itelow  Imag  about  4  tt^et  high.  Throngh  this  are  several  tiort-bolH,  3 
4jr  -i  inches  stjuiiro  on  the  inner  Ride  and  over  n  foot  on  tfaeditv: 
llirough  tht>»c  unowis  conid  very  easily  have  been  fired,  aa  the  statMof 
t)ie  openinf^  permits  of  considerable  shifting  in  firing  eitber  towua  die 
ri};ht  or  left.  Ruck  of  this  parapet  is  a  large  opening  leading  into  (fee 
i-ocktt,  which  appears  aa  if  it  might  have  been  used  as  a  atore-nxal ibt 
food.  At  the  luoiithof  thta  the  fires  had  evidently  been  bailt,  as  tJbctaii 
11  »pacv  alwat  G  fei't  long  and  4  broad,  which  consists  of  tbe  oabuitl  fir 
niiition.  The  wall  above  was  darkened,  bat  this  may  have  been  caaied 
by  inure  recent  visitors.  As  will  bo  seen  in  the  accompanying  illostn- 
tion,  it  is  probable  that  tbe  tower  extended  all  tbe  way  to  the  topoftb>^ 
ontire  structure,  or  nearly  so.  Two  rafters,  protruding  fi-om  the  middtc 
wall,  are  Ktill  in  position,  which  evidently  served  as  a  partial  hold  or 
support.  The  door  or  o|)ening  iu  the  unplastered  stone  wall  beyond  Uie 
tower  leads  into  that  space  between  the  first  and  second  wallH,  and  li3>i 
nn  coinmnnication  with  any  other  apartments.  The  door  |>artially  tis- 
ible  in  the  npper  posterior  wall  is  the  one  leading  to  the  supposed  b««tli 
and  store-room.  There  are  visible  entrances  to  other  rooma  npiMl  tbe 
same  level,  bnt  they  are  literally  lllled  with  the  materials  Tinfiiii,1ilBii1 
in  addition  to  fragments  of  tbe  rock,  which  is  gradaally  omolblllif  Ut 
breaking  off  iu  fragments  throngh  disintegration.  The  lintels  almffte 
tloor-ways  are  generally  of  cedar,  and  in  as  sabstantial  a  oondMldb'M 
when  flrVt  placed  there.  The  outer  walla  generally  had  befln  plHlMcd, 
and  in  but  few  places  has  this  fallen  off.  Tbe  stones  oompol|fi^tte 
walls  are  neatly  and  closely  laid  and  fitted,  and  actnally  oemMlIM  to- 
gether with  nun-tar.  By  the  natnral  breaking  away  of  the  roOkslidov 
the  hnihling,  file  place  has  lH>eonie  more  accessible  than  itappeartto 
have  been  when  regularly  oeonpied,  when  rope  ladders  or  Biullwr  eon- 
tiivances  were  iirnbably  uecessiiry. 

'•  ^louteitunia  Well-s"  is  so-called  from  the  fact  that  it  is  an  obkiDg 
4l('pre.->siiin  about  (!l>  or  70  feet  di-ep,  having  ]>erpondicn1ar  walls,  at  tlie 
liottiuit  of  which  is  a  deep  spring  of  clear  water.  Around  tbe  base  Ja  a 
line  ui  ih'liri«,  eonsiriiiiig  chiefly  of  rocks,  botwcen  which  and  tbe  wato^e 
4  il^e  aiv  a  few  scattering  xycamores.  The  excavation  ia  aboot  100  jard* 
in  its  greater  diameter  and  about  GO  yauU  in  its  lesser.  Thereto  bat 
«ne  puiiit  at  which  a  descent  can  he  made,  which  passage  is  guarded  by 
sniall  cHIT'dnel lilies.  In  various  depressions  these  small  habitatioa^ 
ail-  iDcated,  giving  the  place  a  very  singular  appearance.  Frott  th* 
liase  of  the  e\i-avalii>n  on  the  eastern  side  there  is  a  narrow  and  lor 
tntinct  leading  out  ti)  the  lianks  of  Iteaver  Creek;  tbc  entire  distaoee 
is  alxiut  CO  or  sil  feet.  Tbe  ori(-iu  of  tbiM  singular  geological  formatiai 
was  evidently  due  to  t  he  gradual  solution  of  the  limestone  by  tiie  WBlir 
having  at  .some  tinie  or  other  been  charged  with  some  acid  gSKSV 
niinciul  itii-redii-Mls.  Tlie  settlement  within  this  natural  euclosnie  w 
no  (liiulit  a  retreat  in  times  of  danger,  as  tbe  sloping  surface  recednp 
Imin  it  is  i-ovi-rcil  witli  ruins  of  former  strnctni'es,  over  the  remainsof 
whi<'h,  and  throtiglinut  eoiisidcrable  snrlaee  lieyond,  the  soil  ia  oovtfcd 
Willi  iininerfius  t'ragineutM  of  beautifully  glazed  and  incised  pottMT- 
i-'lint  and  eairicliau  Hakes,  wcmjioiis.  and  oilier  remains  occur  in  couaid- 
crable  quaiitiiies.  The  land  snrnaiuding  this  locality  is  excel lect  Ar 
iigiicuhural  inupusfs,  and  it  appears  lo  have  been  at  one  time  nndff 
cidlivatinii.  Wlierevi-r  one  turns  scattered  pieces  of  pottery  are  risiWft 
giving  eitber  vv'>"(  w^i  ■>\\ev\V.«¥.i.>wuIcment,orone  that  lasted  forraaay 
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REPORT  OF  LEO  LESQUEREUX, 

REMAEKS  ON  SPECIMENS  OF  CRETACEOUS  AND  TERTIARY 
PLANTS  SECURED  BY  THE  SURVEY  IN  1877:  WITH  A  LIST 
OF  THE  SPECIES  HITHERTO  DESCRIBED. 


By  Leo  Lesquereux. 


Past  L— REMAEKS  ON  SPECIMENS  SECURED  IN  1877. 

Until  the  end  of  the  season  of  exploration  of  the  Geological  Sarvey  of 
the  Territories  in  1877,  few  specimens  of  fossil  plants  had  been  received 
for  examination.  Some  were  sent  by  Passed  Assistant  Engineer  H.  C. 
Beckwith,  United  States  Navy,  from  the  Cretaceous  strata  at  the  foot 
of  the  Rocky  Mountains,  near  Morrison,  Colo.,  and  a  few  by  Rev.  Arthur 
Lakes,  from  the  Eocene  of  Golden.  These  have  been  examined  and 
figured,  but  they  are  too  few  in  number  for  a  separate  report. 

Near  the  end  of  the  past  year  I  received  from  the  Upper  Tertiary  of 
Florissant  an  immense  amount  of  specimens,  mostly  obtained  by  Prof. 
Samuel  H.  Scudder.  The  examination  of  these  materials  is  begun,  but 
the  materials  are  so  abundant  that  a  careful  determination  and  descrip- 
tion of  them  will  demand  much  time,  and  I  can  now  give  merely  a  gen- 
eral and  superficial  account  of  what  these  specimens  represent.  With 
those  of  the  Cretaceous,  they  may  be  all  together  published  in  a  future 
report. 

CBETACEOUS. 

The  Cretaceous  species  from  Mr.  Beckwith's  specimens  are  interesting 
on  two  points.  They  are  the  first  Cretaceous  plants  found  near  the  base 
of  the  Rocky  Mountains,*  and  by  their  relation  and  identity  to  some 
species  of  the  Dakota  Group,  they  prove  the  continuity  of  this  formation 
from  the  point  where  it  passes  under  the  Upper  Cretaceous  and  Tertiary 
strata  in  Nebraska  and  Kansas  to  the  base  of  the  Rocky  Mountains^ 
where  it  becomes  exposed  agaiu  by  the  upthrow  of  the  hog-backs.  And 
then  they  are  highly  interesting  by  the  species  or  types  which  they  repre- 
sent, some  of  them  remarkably  beautiful  and  new. 

The  geological  age  of  the  formation,  and  its  identity  with  that  of  the 
Dakota  Group,  is  positively  indicated  by  the  presence  of  Sassafras 
Oretaceumy  Newb.,  Magnolia  Capellinii  Heer,  Salix  protewfolMy  Lesqx., 
and  of  species  of  AraHa^ — one,  Aralia  Totcneriy  Lesqx.;  another,  similar 
to  Aralia  concreta^  Lesqx.,  diCFeriug  merely  by  the  division  of  the  leaves 
into  three  instead  of  five  lobes.  By  this  division,  the  leaves  are  interme- 
diate in  characters  between  Aralia  tripartita,  Lesqx.,  of  the  Annual 
Eeportof  1874,  p.  348,  pi.  i,  fig.  1,  and  Aralia  concreta^  of  the  same  report, 
p.  349,  pi.  iv,  figs.  2-4.  In  the  same  genus  we  have  also,  from  the  same 
locality,  near  Morrison,  where  the  plant-bearing  strata  are  somewhat 
bigher  than  those  where  the  bones  of  great  Saurians  have  been  discov- 
ered, leaves  of  an  Aralia  so  closely  allied  to  the  one  described  by  Pro- 
fessor Heer  as  Aralia  formosa,  from  the  Cretaceous  of  Moletin,  Ger- 

[*  Compare,  however,  Ann.  Bep.  of  this  Sarvey  for  1673, 1874,  p.  196. — Ed.^ 

31  a  ^■^ 
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many,  that  I  do  not  ^e  a.s  yet  any  characters  to  authorize  a  specific  dis- 
tinction. The  American  leaves  are  somewhat  larger,  with  broader  lobes, 
the  middle  cue  longer  than  the  lateral  ones.  In  Heer'a  species,  the  mid- 
dle lot>e  is  shorter,  bat  there  is  do  other  apparent  difEerence,  the  nerva- 
tion l>eing  the  same,  and  the  borders  of  the  leaves  creuulate  in  exactly 
the  .same  manner.  By  the  leaves,  therefore,  we  have  proof  of  the  geo- 
logical relation  of  the  Dakota  Group  with  the  Cretaceous  strata  expoG$e<l 
at  the  base  of  the  Rocky  Mountains,  and  also  of  the  Cretaceous  of  Colo- 
rado with  that  of  Euroi>e.  The  Moletin  formations,  according  to  Heer. 
re|>re.sent  the  Loirer  QaadersandHtein^  a  stage  generally  uained  now 
Cenomatiian,  which  is  overlaid  by  the  Thuronian^  the  Upper  Qifad«r,  and 
thi.s  by  the  Planer  of  Reuss,  now  the  Senonian.* 

This  relation  of  our  Dakota  Group  flora  with  that  of  Moletin  bad  been 
remarked  already  by  the  presence,  in  both  formations,  of  Sequoia  ftuti- 
giata.  S>t?qnoia  Reichenhachi^  Gleiehenia  Kuniana^  and  Finns  QuengteAtu 
sptfcic'S  described  in  the  Annual  Keport  of  1S7-1.  But  the  identitica- 
tioii  of  dicotyledonons  i.s,  in  regard  to  the  age  of  the  formation,  of 
a  more  definite  character  than  that  of  Ferns  and  Conifers.  And  still  in 
tlio  same  specimens  of  Colorado  we  haveother  leaves  a[>pareutly,  thoagb 
less  positively,  referable  to  species  of  Moletin.  One  of  them  has  the 
same  form  an<l  the  same  character  of  nervation  as  the  fragment  figured 
by  Iloer  as  Myrt rophyUum  Shi'thJeri.  pi.  xi,  fig.  2,  /or.  ciL^  which  is,  bow- 
evt'i ,  half  of  a  leaf,  whose  lower  and  upper  parts  are  destroyed.  Others 
re]Mesent  Magnolia  of  the  same  type  as  M.  npcciosa^  Ileer,  and  there  is, 
besides,  a  cylindrical  obtuse  receptacle,  four  centimeters  long,  a  little 
mon*  than  one  centimeter  broad  or  thick,  covered  with  unraerous  imbri- 
cated carpels,  much  like  \.\w  receptacles  of  the  living  Magnolia  grandi- 
folin^  and  comparable,  in  its  unri])e  state,  to  a  fruit  of  J/af/Ho/ia  figured 
by  IbMT,  jd.  viii,  iig.  2,  as  M,  ampfi/oUa.  Other  and  numerous  leaves, 
n'liit<*d  !>y  their  sliapo  and  nc*rvation  to  Magnolia  altern^9is,  He^r,  oftbe 
D.iknra  (jioiip,  aiv  sj)nitMvliat  micqiial  at  the  base,  attached  on  botli 
sidfs  of  a  p(»(iice*l,  and  therefore  mere  leallets  of  com})ouud  leavt'S. 
Tlic'sc,  and  sLill  others  of  a  dilYereiit  eharacter  of  nervation,  with  leat- 
lets  more  mieciiial  at  the  base,  resembling  large  species  of  Sapindiut^  seem 
referable  to  JA'(jum'niosn\  as  a  large  >ili(iue,  like  that  of  a  JjonchocarpuHj 
is  seen  upon  the  same  specimens. 

The  most  interesting  new  type  of  these  Cretaceous  plants  is  described 
under  a  new  generic  name,  that  (»f  LirinpliyUnmy  by  reason  of  its  afiiuity 
to  h*aves  of  lAviodcndron,  These  leaves  belong  probably  to  two  spe- 
<'ies.  The  largest,  thai  of  LiriophyUum  Ikcliicithii^  &p.  uov.,  are  sijuare 
in  outline,  divided  into  two  lobes  on  each  side,  measuring  about  30  ceuti- 
meters  between  the  points  of  the  lateral  lobes,  20  centimeters  from  tbf 
top  of  the  petiole  to  that  of  the  oblique  obtuse  terminal  lobes,  whicb 
<les(;en(l  to  near  the  base  where  the  midrib  is  split  in  two,  each  of  the 
braij(;lies,  under  an  angle  of  division  of  Lj^,  ascending  to  the  points  of 
the  two  upper  lobes.  There  is  still  a  nearly  basilar  pair  of  sti*ODg  sec- 
ondary nerv(»s  curving  backward,  and  passing  through  the  middle  to 
I  he  point  of  the  lateral  lobes,  with  two  other  secondary  nerves,  om* 
merely  marginal,  the  other  between  the  two  pairs  forming  the  division 
*)f  the  leaves;  the  secondary  nerves  are  scarcely  branching;  the  lowK 
part  of  the  midrib,  below  the  slightly  obtuse  sinus  of  the  middle  lobes, 
is  thiek, .'(  millimeters,  and  passes  downward  to  a  petiole  of  the  saoic 
size,  bn^ken  2  centimeters  lower  than  the  somewhat  decurviug  base  of 
the  leaves. 

The  other  species  as  yet  considered  under  the  name  of  LiriophyUum 

•  llcor,  Moletin  Flora,  p.  5. 
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pqpuloidesy  sp.  nov.,  has  the  leaves  mnoh  smaller,  10  centimeters  broad 
toward  the  lower  part, 'With  the  same  length  from  the  lop  of  the  petiole 
to  the  ]>oint.  They  are  largest  toward  the  base,  which  is  nearly  truncate 
or  merely  inclined  to  the  petiole,  gradually  narrowed  toward  the  obtuse 
point,  where  they  are  cut  into  two  terminal  lobes  by  a  narrowly  oval 
division,  descending  to  the  half  of  the  lamiuse  or  lower,  where  they  are 
united  in  an  obtuse  sinus.  The  two  upper  secondary  nerves  pass  on 
both  sides  under  it,  and  become  effaced  by  branching  near  the  upper 
borders.  In  this  species,  all  the  secondary  nerves — three  or  four  pairs, 
according  to  the  size  of  the  leaves — arecamptodrome,  curving  along  the 
border,  and  efEEMsed,  as  in  leaves  of  Papulus.  The  petiole  is  long,  3  to  3^ 
centimeters,  flattened,  and  enlarged  at  its  base.  Though  related  by 
their  medial  division  to  those  of  Liriophyllum  Beokwitkiij  these  leaves 
.  have  not  so  close  an  affinity  to  them  that  they  may  be  considered  as 
the  same  species. 

The  characters  of  these  two  species  are  not  comparable  to  those  of 
any  of  the  present  flora,  to  my  knowledge  at  least  They  represent  an 
original  Cretaceous  type,  which  is  found  also  represented  in  a  diflerent 
manner  by  a  species  of  Moletin  Chondrophyltum  grandidewtatum^  Heer, 
Ettingshausenia  grandidentata,  Stiehler,  whose  leaves  are  narrowly  cunei- 
form to  the  petiole,  enlarging  upward,  and  split  from  the  top  to  below 
the  middle  by  a  split  in  acute  angle  of  the  midrib,  which  forms  the  bor- 
ders. 

Another  Cretaceous  type  represented  by  the  leaves  from  Mr.  Beck  with, 
and  worth  remarking  upon,  is  a  branch  of  Sequma^  with  leaves  as  large 
as  those  of  S.  longifolia^  Lesqx.,  Tert.  Flora,  p.  79,  pi.  vii,  fig.  14;  also 
somewhat  similar  in  shape,  but  largest  in  the  middle,  5  millimeters 
broad,  and  gradually  narrowed  to  the  decurrent  base  1  to  1^  millimeters. 
The  branch  is  narrow,  only  1^  millimeters  thick,  and  does  not  show  any 
scar  of  leaves.  This  species  has  also  an  affinity,  though  more  distant, 
to  Sequoia  Stuittii^  Heer,  of  the  Greenland  Lower  Cretaceous  flora. 

TERTIARY. 

Of  the  Eocene  specimens  communicated  by  Bev.  Lakes,  I  have  re- 
marked already  in  the  Tert.  Flora,  p.  53,  on  a  beautiful,  well-preserved 
leaflet  of  Pteris  erosa,  on  one  part  of  a  splendid  pinna  of  Osmunda 
affinUy  p.  60,  and  on  numerous  specimens  of  a  Myrica,  intermediate  be- 
tween M,  itisignis  and  M.  LesHgiij  p.  136.  In  the  collections  of  the  same 
contributor  there  is  a  number  of  specimens  of  pinnse  or  leaflets  of  a  i)ecu- 
liar  Palm,  whose  relation  to  any  living  species  is  as  yet  unascertained. 
These  leaflets  are  oval,  pointed,  largest  in  the  middle,  narrowed  in  the 
same  degree  to  the  acute  point  and  to  the  base,  averaging  17  centime- 
ters in  length  and  6  centimeters  wide  in  the  middle,  sharply  plaited 
and  carinate,  like  Sabal  leaves.  The  rays  converging  to  the  base  and 
to  the  point  have  each  of  their  faces  distinctly  nerved  with  three  pri- 
mary nerves  and  four  secondary,  thinner,  intermediate  ones.  The  relative 
position  of  the  leaflets  to  the  rachis  is  not  ascertained ;  they  are  all  de- 
tached, mostly  fragments.  By  their  forms,  they  may  be  compared  to 
those  of  a  Desinoncus^  like  2>.  macrocanthus,  Mart. ;  but,  plaited  and  cari- 
nate as  they  are,  this  relation  of  form  merely  cannot  be  considered. 

I  have  also  mentioned  in  the  Tertiary  Flora  some  specimens  communi- 
cated by  Prof.  VV.  A.  Brownell,  and  described  one  of  the  leaves  as  ^aa;inii« 
Brownellii^  p.  230.  This  year,  from  numerous  specimens  received  from 
the  same  locality,  I  am  able  to  complete  a  diagnosis  rendered  somewhat 
uncertain  by  the  peculiar  form  of  the  leaflet,  the  only  one  which  I  V^*^^ 
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for  my  de?icnptioQ.  and  which  I  ri^rhtlr  supposed  to  have  been  deformed 
by  compressiou  or  maoeracion.  The«e  leaflets  are  nairowed  into  an 
acanien,  either  Iudjbt  and  ?*ligbtly  .scythe-shaped,  or  short  and  strai^t. 

This  brings  me  to  the  eSfsential  coDtribation  of  this  year,  which  is 
montly  from  the  name  locality — Florisssant,  Colo. — indicated  by  some 
contributors  as  South  Park,  by  others  as  Castelh/s  Ranch,  and  thus 
marked  upon  the  habitat  of  the  plants  of  the  Tertiary  Flora,  as  if  all 
these  ])lace.s  were  distant  or  separate  localities.  The  specimens  from 
Florissant  number  alK>ut  tiv>  thousand.  I  can  only  give  now  a  short 
and  sufierticial  account  of  the  sfiecies  which  they  represent. 

Their  examination  suggests  at  the  outset  some  general  remarks  in 
regard  to  the  distribution  of  the  vegetable  remains  preserved  in  this 
formation,  first  by  the  total  absence  of  certain  types,  then  by  the  pre- 
dominance of  others.  This  local  dora  has  not  any  leaves  or  even  frag- 
ments of  leaves  of  Palms.  Standing  fossil  trees  are  seen  in  the  same 
locality.  In  the  specimens  of  silicified  wood  broken  from  the  stumps,! 
do  not  find  any  Palm  woofl.  I  have  been  informeiL  however,  that  trees 
of  this  kind  had  been  remarked  there  formerly,  but  had  been  totally 
broken  and  taken  away  as  curiosities  by  the  numerous  visitors  of  the 
locality.  I  have  been  unable  to  ascertain  the  truth  of  that  assertion. 
The  characters  of  the  leaves  refer  them  mastly  to  plants  of  a  moderate 
climate,  and,  as  I  have  remarked  in  the  Tertiary  dora,  to  species  of 
mountains  or  of  high  valleys.  Of  the  other  division  of  the  monocotyle- 
donous  also,  there  are  scarcely  any  remains.  The  Glumacta  only  have 
two  fragments  of  leaves  of  Fhragmites.  From  the  lower  orders  of  plants 
we  find  there  merely  a  few  leaflets  of  Ferns,  two  si>ecimen8  of  a  Chara 
and  tialrinin  Alleni,  Ix'sqx. ;  this  represented  by  a  comparatively  large 
number  of  well-preserved  specimens,  whose  characters  slightly  modified 
do  ntit  preM.'iit  even  sullicieut  dilierences  tor  authorizing  a  separation  in 
varieties.  »Still  more  remarkable  is  the  absence  of  fruits  in  the  shales 
of  riorissant,  which  in  its  compounds  has  preserved  the  most  delicate 
orjjjmisnis,  feathers,  insects,  small  tiies,  petals,  even  anthers  and  sta- 
mens of  llower.s,  but  no  lianl  fruits  of  any  kind. 

The  pre]K)nderaiH*e  of  remains  of  other  species  is  not  the  less  remark- 
able, and  i>eri)lexes  the  jKileontologist  who  is  trying  to  understand  the 
canse  of  that  heaj)injr  of  materials  at  Florissant,  and  the  way  and  action 
which  has  brought  tbeni  there.  For  example,  the  leaves  of  l^Utnera  Ion- 
gi/ftlia,  and  of  its  varieties,  which  ai)pear  to  represent  alsoP/rt«erfl  Ungerin 
and  perhaps  another  species  of  the  same  genus,  constitute  there  aboat 
one  half  of  the  preserved  ve^retable  remains.  We  have  at  least  two  thou- 
sand sjjeciniens  of  these  heaves.  Have  they  been  brought  by  mountain 
rivulets  or  torrents  into  a  lake?  We  should  then  find  the  fruits  as  well 
as  the  leav(\s,  and  the  action  of  transfer  seems  scarcely  probable  in  con- 
sidering the  very  delicate  texture  of  other  organisms  preserved.  Have 
the  plants  grown  around  the  basin  of  water?  The  objection  is  the 
same  on  account  of  the  absence  of  fruits  and  of  the  very  frapmentarj" 
Htate  of  the  remains  of  Conifers,  which,  for  Glifptostrobus  at  least,  are 
branches,  leaves,  and  small  cones,  abundant  enough,  but  all  ground  as 
if  tlu^v  had  been  for  a  long  time  exposed  to  the  movement  of  water  or 
to  atmospheric  iniiuences.  The  presence  of  remains  of  flowers,  of  unri))e 
carpels  of  Ulmvs^  Aar^  etc.,  would  im[)ly  a  deposition  of  vegetable  mate- 
rials in  spring  time,  !)efore  the  maturity  of  the  seeds;  and  then  to  account 
for  th(^  al)si*nce  of  fruits,  wo  should  have  to  suppose  a  gradual  drying 
up  of  the  hike  or  swamj)  during  the  summer.  In  that  case,  as  the 
broken  fragments  of  Conif<»rs  indicate  a  prolonged  atmospheric  action  bv 
their  decomposition,  it  would  be  possible  to  suppose  the  decomposition 
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of  the  fraits  also.  This  hypothesis  seems  confirmed  by  the  presence 
of  well-preserved  branches  of  Taxodium  distichum  miocenicum^  Heer,  as 
from  the  living  Taxodium^  it  is  seen  that  the  fragments  are  mostly  de- 
tached and  thrown  upon  the  ground  in  winter  time  or  early  in  the 
spring. 

After  the  Planera  leaves,  those  which  are  the  most  abundant  in  the 
collection  of  Florissant  are  those  of  Myrica^  two  species,  especially 
Myrica  acuminata^  Ung*?  as  represented  in  Tert  Flora,  pi.  xvii,  figs. 
1-4,  a  form  somewhat  different  from  that  of  Europe,  and  which  seem 
referable  to  two  species  of  the  Gypses  of  Aiz,  Myrica  arguta^  Heer,  and 
M.  Zuchariensis^  Sap. ;  the  other,  M.  Ludwigii^  Schp.,  a  fragment  of 
which  is  figured  in  Tert.  Flora,  pi.  Ixv,  fig.  9.  Other  species  of  the  same 
genus  are  there  also  in  a  few  specimens,  especially  Myrica  latiloba^  Heer, 
var.  acuHlobay  same  type  as  that  of  the  Tert.  Flora,  pi.  xvii,  fig.l3.  The 
leaflets  of  the  species  which  is  described  in  the  same  volume,  p.  246,  pi. 
xliii,  figs.  2-4,  as  Callicoma  micropkylla^  Ett,  are  as  plentiful  in 
the  collection  as  those  of  Myrica — perhaps  more.  Some  are  attached 
to  branches,  and  in  their  positions  are  alternate,  distant,  the  upper 
basilar  side  broader  and  rounded^  the  lower  narrow,  a  disposition  at 
variance  with  that  of  the  leaves  of  Myrica  and  of  BhnSj  the  only  genera 
of  our  flora  to  which  they  might  have  been  referred  in  their  separate 
state.  And  as  Callicoma  has  in  its  species  the  leaves  opposite,  this 
reference  is  still  less  admissible,  though  fix)m  our  specimen  it  is  not 
possible  to  doubt  the  identity  of  the  leaves  with  those  described  by  the 
German  author  under  this  name.  I  am  unable  as  yet  to  decide  upon 
the  true  reference  of  these  leaves,  which,  except  the  craspedodrome  ner« 
vation,  have  a  great  afilnity  to  those  of  Myrica  Saportana^  Schp.  They 
are  variable  in  size^  some  of  them,  the  upper  ones,  are  very  narrow,  4 
millimeters  at  the  base,  while  others  measure  more  than  one  centimeter. 
The  length  does  not  differ  comparatively  to  the  width.  Their  form  and 
disposition  are  like  those  of  /Sapindu8  or  of  Zanthoxylon, 

Briefly  reviewing  the  plants  of  Florissant,  in  regard  to  the  botanical 
series  to  which  they  belong,  I  find  a  large  number  of  the  Amentaceas  in 
the  following  genera : — CarpintM,  two  species,  one  referable  to  (7.  pyra- 
tnidaliSj  Heer,  the  other  to  0.  grandiSj  Ung.  tflmus  has  a  species  of  the 
most  common  type  of  the  Miocene,  77.  Braunii,  Heer,  and  another,  refer- 
able  to  U.  FiscJ^eri^  Heer.  Betula  and  Alnus  are  as  yet  indistinctly  rec- 
ognized ;  two  leaves  seem  referable  to  B.  Dryadum^  Brgt.  Of  Geltis^ 
there  are  leaves  with  entire  and  others  with  slightly  dentate  borders, 
which  have  a  great  affinity  to  the  present  C  occi^taliSj  and  its  variety 
C  integrifolia^  Nutt.  They  may,  however,  represent  two  species.  Cory- 
lus  and  FagVrS  are  absent.  I  can  also  scarcely  separate  as  yet  leaves 
X>ositively  referable  to  Qaercvs.  Populua  has  four  species :  one,  P.  latiorj 
a  small  leaf  like  the  one  represented  by  Heer  as  var.  denticulata  ;  two 
other  distinct  new  species,  one  of  the  section  of  P.  glandvMfera^  with 
smaller,  more  acuminate  leaves,  without  basilar  glands ;  the  other,  rep- 
resented by  two  leaves  still  smaller,  thin,  or  not  coriaceous,  1^  centi- 
meters broad,  and  as  long,  entire,  with  the  base  truncato-cordate,  rap- 
idly narrowing  to  a  point,  borne  upon  petioles  about  as  long  as  the 
leaves,  slightly  inflated  at  the  point  of  connection  to  the  lamina,  lat- 
eral primary  nerves  diverging  at  a  broad  angle,  and  secondary  veins  only 
two  pairs,  parallel,  and  very  thin. 

A  fourth  species  is  represented  by  a  large  number  of  leaves,  remark- 
ably  different,  in  their  size  especially.  They  vary  from  4^  to  23  centi- 
meters long,  and  from  1  to  8  centimeters  broad  near  the  base,  where 
they  are  generally  the  largest,  and  there  always  rounded  to  a  long. 
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broad,  flat  petiole.    Tbeir  form  is  either  obloDg,  acaminate  or  lanceo- 
late, narrowing  to  a  loug  acnmeQ.    Tbe  primary  basilar  nerves,  one  or 
two  pairs,  are  ou  a  more  acute  angle  of  divergence  than  the  secondary, 
passing  high  up  along  the  borders  in  snccesuive  carves  or  festoon sjoineil 
to  the  lower  secondary  veins  by  strong  nervilles.    The  middle  vein  is 
thick  and  flat.    This  species  is  allied  to  Ficus  poptdina^  Heer,  from  which 
it  differs  essentially  by  narrower  leaves,  rounded  to  the  petiole,  and  by 
the  ultimate  areolation  not  punctulate;  and  still  more  closely  related  to 
Quercm  ITeerii,  Sap.,  Bt.,  1, 1,  p.  87,  pi.  vii,  fig.  3  A,  which  seems  to  rep- 
resent the  same  species  in  one  of  its  smaller  leaves.    The  only  difference 
remarked  in  the  American  specimens  is  the  broader  flat  petiole,  which 
rather  resembles  that  of  a  FicuSj  but  the  form  of  the  leaves,  the  nerva- 
tion and  areolation,  the  divisions  of  the  obtusely  crenate  borders  are 
exactly  similar.    The  French  author  has  found  involucres  of  seeds  of 
Fopnlus  with  his  species,  and  figures,  as  point  of  comparison,  Popuhtt 
laurifoliaj  Ledb.,  a  living  species  of  Siberia,  which  has  about  the  same 
character;  hence  the  reference  of  these  leaves  to  this  genus  seems  au- 
thorized.   This  sitecies,  he  says,  is  extremely  rare  in  the  Oypses  of  Aix. 
Of  SaliXj  the  collection  of  Florissant  has  a  number  of  leaves  identified 
with  8.  lavaferi^  Heer,  S.  Integra,  Al.  Br.,  S.  media,  Al.  Br.,  and  S,  rariam^ 
Goepp.    FlafanuSj  lAqttidambar,  Ficus,  and  all  the  Laurineee^  are  mostly 
absent.    Indee<l,  there  are  scarcely  any  coriaceous  leaves  among  tlie 
specimens,  and  none  of  large  size  except  the  Populus  mentioned  above. 
Fraxinus  is  represented  by  three  species,  one  of  them,  F.  BrawneUii, 
described  in  Flor.  Tert.,  loe.  cit.    There  is  no  IHospyros,  but  two  or  three 
species  of  the  Erioaceae  ;  one  Andromeila,  perhaps  two ;  one  Vacdninm  ; 
and  in  the  Araliaeeie  one  leaf  only.    Of  Vitis,  Camnsy  Magnolia,  JSelvm 
bitim,  of  the  Tiliacece,  also  there  is  none.   Acer  has  one  species;  one  leaf 
only  of  the  type  of  A.  pHetido-campestre,  Heer,  and  fruits  still  smaller 
than  those  of  Acer  decqnens,  Heer,  as  figured  in  Fl.  Tert.Helv.,  pi.  cxvii, 
fig.  22.     J\t  contra^  the  ISaphidacew  are  very  abundant;  there  are  nume- 
rous specimens  of  *V.  stellar iaif'oUun  and  *S.  angmii/oUus  of  the  Tert.  Flor.i, 
1)1.  xlix,  with  still  two  or  three  other  species,  and  in  the  Frangulavar, 
leaves  of  t^inphylea,  not  as  well  preserved  as  that  already  figured,  Uh. 
cit.,  pi.  xlviii,  a  few  leaves  of  Cclastnis,  and  two  species  of  Ilex,    The 
Rhamnea:  and  the  Jitglandew  have  not  any  specimen  in  the  collection, 
while  the  Anacardiacea'  arc  most  abundant  in  not  less  than  six  or  sevtMi 
species  of  IihuM  and  one  of  Fistacia,    The  Rosacea  have  a  Pruntis  and 
sjiecies  of  Spirea  «ind  very  finely  preserved  leaves  of  an  Amelanrhitr^ 
which  are  scarcely  distinguishable  from  some  of  the  varieties  of  the  liviiijr 
species.     This,  with  a  large   number  of  LeguminoHW  of  the   genera 
Colutea,  Robinia,  and  Cassia,  constitutes  the  more  esj^ential  part  of  tbe 
specimens  as  far  as  I  have  been  able  to  iix  a  determination  in  sorting: 
them  for  future  examination.    The  flowers,  petals,  sepals,  stamens,  ami 
pistils,  though  not  very  nunu^rous,  are  interesting.    Flowers  of  Acer  iin» 
the  only  ones  which  I  could  recognize  at  first  sight.    Of  other  plants  of 
undetermined  relation,  there  is  Trilobium  of  Unger.    As  many  si)eci 
mens  are  obscure,  this  collection  will  demand  a  great  deal  of  work  aiiil 
research  for  the  final  determination  of  the  species. 

Professor  S(;udder  has  sent  with  the  above,  from  near  Randolph,  Wyo, 
a  small  number  of  very  fine,  admirably  preserved  specimens,  regrettably 
too  few  in  number.  They  represent  one  Flabellaria,  with  the  petiole  trun- 
cate at  the  point  of  union  to  the  rays,  narrowly  and  exiually  nerved,  the  rays 
numerous  and  narrow,  disposed  like  those  of  F.  Eocenica,  Lesqx.,  Teri. 
Flora,  pi.  xiii,  fig.  1,  but  more  coarsely  nerved,  at  least  tor  the  priinar>' 
nerves,  the  iutevmitdlate  veins  being  less  numerous  and  scarcely  observ- 
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able ;  Fieus  Ii/nXj  TJug.,  a  Liquidambar  slightly  distiuct  fFom  L.  Euro- 
peum  by  its  lobes  oblong  and  nearly  obtuse,  rather  than  acuminate.  A& 
there  is  one  leaf  only,  this  difference  cannot  be  positively  ascertained  as. 
specific ;  a  leaf  of  large  size,  apparently  a  TUia  ;  Cinnamomum  Scheuch- 
zeri;  the  half  of  another  very  large  leat^  a  QuercuSj  related  by  its  dentato 
borders  and  its  size  to  Q.  MooHij  Lesqx.,  but  differing  by  the  lateral 
nerves  more  open,  nearly  in  right  angle  to  the  midrib,  and  more  arched ; 
a  Diospyros^  a  Phragmites^  and  a  leaf  of  Acer,  remarkably  similar  to  those 
figured  and  described  by  Massalongo  as  Liquidambar  ScarabeUianumj 
apparently  a  variety  of  Acer  Trilobatum  ;  one  species  of  Rhus;  a  My- 
ricaj  of  the  type  of  M.  speciosaj  Ung.;  a  fine  ZizyphtiSy  allied  to  Z.  tilUefO' 
liuSj  but  differing  by  a  long  petiole  and  other  less  marked  characters ; 
seeds  of  Ailanthm;  leaves  of  a  Lauras;  and  petaloidal  involucres  not 
yet  determined. 

This  review  is,  of  course,  a  superficial  one.  It  gives  only  an  insight 
into  the  general  characters  of  the  two  vegetable  groups  represented 
by  the  specimens,  the  first  referable  to  the  Upper  Miocene,  the  other 
apparently  to  the  Eocene.  It  will  serve  as  an  introduction  to  the  list  of 
the  Cretaceous  and  Tertiary  plants  described  until  now  from  the  Ameri- 
can formations,  and  which  may  be  used  as  a  point  of  departure  for  future 
researches  and  publications  on  the  subject. 
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Newberry.   1868. 
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phia, vol.  xiii,  (1863).    (f) 
Tl'hitney^s  Geol,  of  the  Aurif,  Dep.— Report  on  the  Fossil  Plants  of  the  Auriferous  Gravel 
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CRETACEOUS. 

CBTPTOGAM^. 
Thallophytes. 
ZonariteSj  Brgt. 

1.  Zonarites  digitatus,  Brgt.,  Lesqx.,  Cret.  Flora,  p.  44,  pi.  i,  fig.  L 

Filioes. 
LygodiuMj  Sw. 

2.  Lygodixim  trichomanoideSy  Lesqx.,  Cret.  Flora,  p.  45,  pi.  i,  fig.  2. 

Hymenopkyllumj  Sw. 

3.  Hymenophyllum  cretaceum^  Lesqx.,  Cret.  Flora,  p.  45,  pi.  i,  figs.  3,  i\ 

pi.  xxix,  fig.  6. 

SpheHopteriSj  Brgt. 

4.  Sphetiopteris  corrugata^  Xewby.,  Ext.  Floras,  p.  10,  pL  ii,  fig.  6. 

PecopteriSj  Brgt. 

5.  Pecopteris  Hebraskana^  Heer,  Lesqx.,  Cret  Flora,  p.  46,  pL  xxix,  £  5. 

Gleicheniaj  Nutt. 

6.  Gleichenia  Kurriana,  Heer,  Lesqx.,  Cret.  Flora,  p.  47,  pi.  i,  figs.  5-5  e, 

7.  Gleichenia  yordenskioldi  f ,  Heer,  Lesqx.,  Ann.  Eep.,  p. 334,  pi.  ii,  fig.5. 

PHENOGAM.E. 

CrCADE^. 

Pterophyllum^  Brgt. 

8.  PteropJiyllum  f  Ilaydenii,  Lesqx.,  Cret.  Flora,  p.  49,  pi,  i,  figs,  6, 6  b. 

CONIFERJE. 

Abietites,  Endl. 

9.  Abietites  Ernestincv,  Lesqx.,  Cret.  Flora,  p.  49.  pi.  i,  fig.  7. 

Araucaria^  Juss. 

10.  Araiicaria  spatulata,  Newby.,  Ext.  Floras,  p.  10,  pi.  ii,  figs.  5,5  a. 

Sequoia,  Endl. 

11.  Sequoia  formosa^  Lesqx.,  Cret.  Flora,  p.  50,  pi.  i,  figs.  9, 9  h. 

12.  Sequoia  Reiclienbachi  f ,  fleer,  Lesqx.,  Cret. Flora,  p.  51,  pi.  i,  f.  10-lOft. 

13.  Sequoia  fastigiata  f,  Sternb.,  Lesqx.,  Ann.  Report,  1874,  p.  335,  pi. 

iii,  figs.  2,  8,  8  a. 

14.  Sequoia  condita,  Lesqx.,  Ann.  Eeport,  1874,  p.  335,  pi.  iv,  figs.  5-7. 
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PinuSy  LinD. 

15.  Finns  Quensiedtiy  Heer^Lesqx.,  Ann.  Bep.,1874,p.336y  pi.  iii,  figs.  6,7. 

OlyptostrobuSy  Endl. 

16.  Olyptosirohus  gracillimuSi  Lesqx.,  Cret.  Flora,  p.  62,  pi.  i,  figs.  8, 11-11  /. 

InolepiSj  Heer. 

17.  InoUpist  species,  Lesqx.,  Ann.  Report,  1874,  p.  337,  pi.  iv,  fig.  8. 

PkyllacladuSj  Bich. 

18.  Fhyllocladua  subintegrifoUuSy  Lesqx.,  Cret.  Flora,  p.  54,  pi.  i,  fig.  12; 

Ann.  Report,  1874,  p.  337,  pi.  ii,  fig.  4. 

MONOCOTYLEDONBS. 

Olumacks. 

Pkragmites,  Adans. 

19.  Phragmites  cretaceus^  Lesqx.,  Cret.  Flora,  p.  55,.  pi.  i,  figs.  13, 14;  pi. 

zxix,  fig.  7. 

DlOSGOBE^. 

Dioscoreaj  Plum. 

20.  Dioscarea  t  erctaoea^  Lesqx.,  Cret.  Flora,  p.  56,  pi.  xxviii,  fig.  10. 

Pauls:. 

Flabellariaj  St 

21.  Flabellaria  t  minima^  Lesqx.,  Cret  Flora,  p.  56,  pi.  zxx,  fig.  12 ;  pL 

xxvi,  fig.  2. 

DICOTTLBDONES. 

Amentaoejs. 

Myrica^  Linn. 

22.  Myr%4^  obtvsa^  Lesqx.,  Gret  Flora,  p.  63,  pi.  xxix,  fig.  10. 

23.  Myrica  cretaceaf  Lesqx.,  Ann.  Report,  1874,  p.  339,  pi.  iii,  fig.  4. 

24.  Myrica  seminaj  Cret.  Flora,  p.  63,  pi.  xxvii,  figs.  4,  4  a. 

Betuluj  Tourn. 

25.  Betula  Beatricianaj  Lesqx.,  Cret.  Flora,  p.  01,  pi.  v,  fig.  5 ;  pi.  xxx,  fig.  4. 

BetuUtea,  Goepp. 
20.  Betulites  dentictdata,  Heer,  Phyll.  du  Ndb.,  p.  15,  pi.  iv,  figs.  5,  0. 

AlniteSj  Goepp. 
27.  Alnites  grandifolia^  Newby.,  Ext.  Floras,  p.  9,  pi.  ir,  fig.  2. 
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Fagxt,  TooriL 

2^  FttffHt  poltfclnOa,  Lesqs.,  Cret  Flora,  p.  67,  pi.  v,  fig.  6. 

29.  Fagua  creta'xa,  Netrby.,  Ext.  Floras,  p.  23,  pi.  ii,  fig.  3. 

Jhyoplglluai,  Deb. 

30.  Dryopht/Uum  (Quereut)  lafi/oilmx,  Lesqx.,  Ann.  Report,  187^  p.  3M^ 

pi.  vi,  flg.  1. 

31.  l>rifopkgUMM  (Queren*)  priwtordiak,  Lesqx.,  Creb  Fltna,  p.  64^pL  t, 

fig.  7. 

32.  I>ryopA|rIfvm  (Qii«r<»f«)miici7oIiKM,  Leeqx.,  Ana.  Beport,  1874,  p.  3U, 

pi.  viii,  flg.  2. 

Qtienmtj  Linn. 

33.  Querciu  hexagonoy  Lesqx.,  Cret.  Flora,  p.  (U,  pi.  t,  flg.  8. 

34.  i/rtercuaf  EUgicorthiana,  Lesqx.,  CreL  Flora,  p.  6^  pL  vi,  flg.  7. 

35.  Quercual  poranoidet,  Lesqx.,  Cret.  Flora,  p.  66,  pL  zxx,  flg.  9. 

36.  Quercmg  Kalici/olia,  Newby..  Ext.  Floras,  p.  24,  pi.  ii,  flg.  4. 

37.  Quercus  cuneata,  Newby.,  Ext.  Floras,  p.  25. 

38.  Querent  antiqua,  Newby.,  Ext-  Floraa,  p.  26. 

39.  Quercug  sinuata,  Sewby.,  Ext.  Floras,  p.  27. 

Salix,  Tonm. 

40.  Salix  nertiUoga,  Heer,  Pbyll.  dn  S^b.,  p.  IS,  pi.  i,  fig.  3. 

41.  ffalix protea/oliaj  Lesqx.,  Cret.  Flora,  i*.  60,  pi.  t,  Qffs,  1-4. 

42.  Halix  membranacea,  2<ewby.,  ExL  Floras,  p.  19,  pi.  i,  flga.  5,  & 

43.  Salix  Meekii,  Sewby.,  Ext.  Floras,  p.  19,  pi.  i,  fig.  1. 

44.  fiaiix  Jiexvom,  Xewby.,  Ext.  Floras,  p.  21,  pi.  i,  fig.  4. 
4.>.  Salix  ciineata,  Sewby.,  Est.  Floras,  p.  21,  p!.  i,  figs.  2,  3. 

Popttlat,  Tourn. 

46.  Populm  litigoM,  Heer,  Thyll.  du  >'eb.,  p.  13,  pi.  i,  flg.  2.— Sewby,,  Eit. 

Floras,  pi.  iii,  fig.  0;  pi.  iv,  flg.  1. 

47.  Populua  cydopkylla,  Heer,  Acad.  >'at.  Sci.  Pliila.,  1S58,  p.  260.— 

Xewby.,  Est.  Floras,  pi.  iii,  tigs.  3,  4. 

48.  PopuluH  eltiptka,  Newby.,  Ext.  Floras,  p.  16,  pi.  iii,  figs,  1,  2. 

49.  Populus  microphyila,  Newby.,  Ext.  Floras,  p.  17,  pi.  iii,  fig.  5. 

oO.  Populm  t  corid/vliit,  Sewby.,  Ext.  Floras,  p.  18,  pi.  iii,  fig.  7 ;  pi.  t, 
lig.  5. 

Poptttiteg,  Lesqx. 

51.  PopuHte.H  Lancasliiennis,  Lesqx.,  Cret,  Flora,  p.  58,  pi.  iii,  flg.  1. 

52.  Populilea  tleijam,  Lesqx.,  Cret.  Flora,  p.  59,  pi.  iii,  flg.  3.  j 

Platantm,  Linu. 

53.  PUitaiiHi  f  Keirherritnia,  Heer,  Pbyll.  du  Neb.,  |>.  IG,  pi,  1,  fig,  4. 
51,  Plaianm  obiuniloha,  Lesqx.,  Cret.  Flora,  p.  09,  pi,  vii,  tigs.  3,  4. 

55.  PiaUinvK  primara,    Lesqx.,  Cret.   F'loia,  p.  CO,  pi.  vii,  fig.  2;  pL 
xxvi,  flg.  2. 

50.  Plafanus  Ilecrii,  Lesqs.,  Cret.  Floni,  p.  70,  pi,  viii,  flg.  4;  pi.  is, 

figs.  1,  2. 

57,  Plntamts  iliminuliva,  Lesqx..  Cret.  Flora,  p.  73,  pi.  viii,  fig.  ~}. 

58.  Plctantifi  ItttiMia,  Newby.,  Est.  Floras,  p.  23,  pi.  ii,  fig.  4. 
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Idquidambarj  Linn. 

59.  Liquidambar  infegrifoUumj  Lesqx.,  Cret.  Flora,  p.  56,  pi.  ii,  flgs.  1,  3- 

pi.  xxiv,  fig.  2 ;  pi.  xxix,  fig.  8. 

Ubticucbjb. 

Fieus^  Toarn. 

60.  Fums  primordxaliSj  Heer,  Phyll.  du  N6b.,  p.  16,  pi.  iii,  flg.  1. 

61.  Ficus  HaUiana^  Lc»qx.,  Cret.  Flora,  p.  68,  pi.  xxviii,  figs.  3,  9. 

62.  Ficus  laurophyllum^  Lesqx.|  Ann.  Eeport,  1874,  p.  342,  pi.  v,  fig.  7. 

Proteacbje. 

Lomatiaj  E.  Br. 

63.  Zomatia  f  Sapartaneay  Lesqx.,  Ann.  Report,  1874, p.  346,  pi.  vi,fig.  2.— 

Todea  t  Saportanea^  Lesqx.,  Cret.  Flora,  p.  48,  pi.  xxix,  figs.  1-4. 

ProteoideSy  Heer. 

64.  Proteoidea  daphnogenaideSj  Heer,  Pbyll.  da  N^b.,  p.  17,  pi.  iv,  figs.  9, 

10. — Lesqx.,  Cret.  Flora,  p.  S5^  pi.  xv,  figs.  1,  2. 

65.  Proteoides  acuta^  Heer,  Pbyll.  da  N6b.,  p.  17,  pi.  Iv,  flgs.  7,  8. — 

Lesqx.,  Cret.  Flora,  p.  86,  pi.  xv,  flg.  3;  pi.  xxviii,  flg.  13. 

66.  Proteoidea  OreviUecBformiSy  Heer,  Phyll.  du  N6b.,  p.  17,  pi.  iv,  flg.  11. 

— Lesqx.,  Cret.  Flora,  p.  86,  pi.  xxviii,  flg.  12. 
66  a.  Embothrites  daphneoides^  Lesqx.,  Cret  Flora,  p.  87,  pi.  xxx,  flg.  10. 

Laubine^. 

LauruSt  Linn. 

67.  Laurus  Nebraacensisj  Lesqx.,  Cret.  Flora,  p.  74,  pi.  x,  fig.  1^  pi. 

xxviii,  fig.  14. 

68.  Lauras  macrocarpa^  Lesqx.,  Cret.  Flora,  p.  74,  pi.  x,  fig.  2. 

69.  Laurus  protewfoUa^  Lesqx.,  Ann.  Rep.,  1874,  p.  342,  pi.  v,  figs.  1,  2. 

Perseaj  Gaertn. 

70.  Persea  Leconteana^  Lesqx.,  Cret.  Flora,  p.  75,  pi.  xxviii,  fig.  1. 

71.  Persea  Sternbergii^  Lesqx.,  Cret.  Flora,  p.  76,  pi.  vii,  fig.  1. 

Dapknogeney  TJng. 

72.  Daplinogene  cretacea^  Lesqx.,  Ann.  Eep.,  1874,  p.  343. 

Cinnamomu7nj  Burm. 

73.  Cinnamomum  Scheuchzerif,  Heer,  Lesqx.,  Cret.  Flora,  p.  83,  pi.  xxx, 

figs.  2,  3. 

74.  Cinnamomum  Heeriiy  Lesqx.,  Cret.  Flora,  p.  84,  pi.  xxviii,  fig.  5. 

Oreodaphne,  Xees. 

75.  Oreodaphne  eretacea^  Lesqx.,  Cret.  Flora,  p.  84,  pi.  xxx,  fig.  5. 
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76.  8ai9qftas  Mudgei,  Lesqz^  Oret.  Florai  p.  78,  pL  xiv,  Jigs.  8^  A;  pL 

zzx,  iig.  7. 

77.  Sassqfras  acuUlobum^  Lesqz.,  Oret.  Flonii  p.  79,  pL  ziF,  fin.  1, 8. 

78.  SoMofras  eretaoeumj  Newby.,  Est.  Floras,  p.  IM^L  vi,  flffik  l--Air--A»- 

sqfras  {Ardlicpiria)  cretaemm^  Lesaz.,  Oret.  FkHm,  p.  SO,  pL  3di|  If. 
2.— Yar.  dentahm^  Leaqz.,  Oret.  Fkxrai  pL  zi,  flgs.  1, 2. 
70.  Sassqfras  (Araliopris)  oretaeeum  obttwum,  Leaqzi  Oret.  Fknai  pi  80^ 
pi.  zii,  fig.  3;  pL  ziii,  fig.  1. 

80.  8a$9ajra$ {AralU^fiis)  MJraUIe, Lesqz., Oret FIo»i p. SflLpL zfl, flCi  1. 

81.  SoMMffTOs  (AraUapM)  rmmrva^  ^^^'*'  '^''*  ^^'^  1874|  i^  Swp- 

PlatantM  reourvata^  Leaqz.,  Oret.  Flora,  p.  71,  pL  z,  figs.  S-& 

ASARTWRg. 

ArifMoekKM,  Hear, 

82.  ArMoZooMttf^  dmUata,  Heer,  Phyll.  do  IT^b.,  p.  18,  pL  il,  flgi.  1, 1} 

Oret  Flora,  p.  87,  pi.  zzz,  fig.  6. 

OAMOPBTALEJS. 

DlOSFTBIHBJL 

ekfotaeUeif  Ett 

83.  Sapotadtes  Eaydenii^  Heer,  I!rewby.,Ezt  Floras,  p.  8b  ^  v,  fig.  L 

DiogpjfraSf  Linn. 

84.  DiospyroB  primiBva,  Heer,  Phyll.  du  N6b.,  p.  19,  pi.  i,  figs.  6,  7. 

85.  Diospyroi  rotundifolia^  Leagz.,  Gret  Flora,  p.  80,  pi.  zzz,  fig.  L 

86.  Dioapyros  ambiguaj  Lesqz.,  Gret.  Flora,  p.  80^  pi.  vi,  fig.  6. 

87.  Diospyroi  t  species,  Newby.,  Ez.  Floras,  pi.  lii,  fig.  8. 

ESICAOE^. 

AndromedOj  Liun. 

SS.  Andromeda  Farlatorii,  Heer,  Pbyll.  da  N£b.,  p.  18,  pi.  i,  fig.  6;  Lesqz.* 

Gret  Flora,  p.  88,  pi.  zxiii,  figs.  6,  7  ;  pi.  zzviii,  fig.  15. 
89.  Andromeda  affiniSj  Lesqx.,  Add.  Report,  1874,  p.  348,  pi.  lii,  fig.  5. 

POLYPETALB^. 

DlSOANTHE^. 

Aralittj  LIdd. 

00.  Aralia  imperfecta,  Lesqx. :  Aralia  tripartita,  Lesqz.,  Ann.  Seportp* 

348,  pi.  1,  fig.  l.» 

01.  Aralia  concreta,  Lesqx.,  Add.  Beport,  p.  340,  pi.  iv,  figs.  2,  3,  4^ 

Liquidambar  integrifolium,  Lesqx.,  Gret.  Flora,  p.  57,  pL  zziX| 
fig.  8. ^ ^ 

*  Aralia  tripartita  is  preoccupied  by  Saporta. 
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92.  Aralia  Totoneri^  Lesqx^  Anu.  Beport,  1B74,  p.  349.  pi.  iv,  fig.  1. 

93.  Aralia  quinguepartitay  Ijesqx.^  Gret.  Flora,  p.  90,  pi.  xv,  fig.  6. 

94.  Aralia  Saportanea^  Lesqx.,  Aun.  Beport,  p.  350,  pi.  i,  figs.  2,  2  a. 

Hedera^  Linn. 

95.  JECedera  ovaliSy  Lesqx.,  Gret.  Flora,  p.  91,  pi.  xxv,  fig.  3,  and  pi.  xxvi, 

96.  Hedera  Schimperij  Lesqx.,  Ann.  Beport,  1874,  p.  351,  pi.  vii,  fi^.  5. 

97.  Hedera  platanddeay  Lesqx.,  Ann.  Beport,  1874,  p.  351,  pi.  iii,  fig.  3. 

CiaaiteSy  Heer. 

98.  Cissites  insignis,  Heer,  Phyll.  da  N6b.,  p.  19,  pi.  ii,  figs.  3,  4. 

99.  Cissites  HarkerianuSj  Lesqx.,  Ann.  Beport,  1874,  p.  352,  pi.  vii,  figs. 

1,2. 

100.  Cissites  affinis^  Lesqx.,  Ann.  Beport,  1874,  p.  352. — Platanus  affinis, 

Lesqx.,  Gret.  Flora,  p.  71,  pi.  iv,  fig.  4 ;  pi.  xi,  fig.  3. 

101.  Cissites  acuminatus^  Lesqx.,  Ann.  Beport,  1874,  p.  353,  pi.  viii,  fig.  1. 

102.  Cissites  Heerii^  Lesqx.,  Ann  Beport,  1874,  p.  353,  pi.  vi,  fig.  3. 

103.  Cissites  cyclcpkyllaj  Lesqx.,  Ann.  Beport,  1874,  p.  353. — Populites 

eyclaphylla  fj  Heer,  Lesqx.,  Gret.  Flora,  p.  59,  pi.  iv,  fig.  5,  and 
pi.  xxiv,  fig.  4. 

104.  Cissites  obtusus^  Lesqx.,  Ann.  Beport,  1874,  p.  354. — Sassafras  oh- 

tususy  Lesqx.,  Gret.  Flora,  p.  81,  pi.  xiii,  figs.  2,  4. 

Ampelophylhimj  Lesqx. 

105.  Ampelophyllum  attenuatum^  Lesqx.,  Ann.  Beport,  1874,  p.  354,  pi.  ii, 

fig.  3. 

106.  Ampelophyllum  avatum^  Lesqx.,  Ann.  Beport,  1874,  p.  355. — Celtis  f 

ovata,  Lesqx.,  Gret.  Flora,  p.  66,  pi.  iv,  figs.  2,  3. 

Hamamelitesj  Sap. 

107.  Samamelites  Kansaseanay  Lesqx.,  Ann.  Beport,  1874,  p.  355,  pi.  vii, 

fig.  4. — Alnus  Kansaseanay  Lesqx.,  Gret.  Flora,  p.  62,  pi.  xxx,  fig.  8. 

108.  Samamelites  qtuidrangularis^  Lesqx.,  Ann.  Beport,  1874,  p.  355. — 

Alnites  quadrangulariSy  Lesqx.,  Gret.  Flora,  p.  62,  pi.  iv,  fig.  1. 

POLYOAEPlO-aa. 

Magnoliay  Linn. 

109.  Magnolia  tenuifolia,  Lesqx.,  Gret.  Flora,  p.  92,  pi.  xxi,  fig.  1. 

110.  Magnolia  altemans,  Heer,  Phyll.  du  N6b.,  p.  20,  pi.  iii,  figs.  2,  3,  4 ; 

pi.  iv,  figs.  1,  2. — Lesqx.,  Gret.  Flora,  p.  92,  pi.  xviii,  fig.  4. — New- 
by.,  Ext.  Floras,  pi.  v,  fig.  0. 

111.  Magnolia  Capelliniy  Heer,  Phyll.  da  N6b.,  p.  21,  pi.  iii,  figs.  5,  C. — 

Lesqx.,  Ann.  Beport,  1874,  p.  356. 

112.  Jfa^wo^iaoi^oratayNewby.,  Ext.  Floras,  p.  15,  pi.  ii,fig.  2;  pi.  iv,  fig.  4. 

Liriodendrony  Linn. 

113.  Liriodendron  MeeJciiy  Heer,  Phyll.  du  N6b.,  p.  21,  pi.  iv,  figs.  3.  4. — 

l^ewby.,  Ext.  Floras,  p.  8,  pi.  vi,  figs.  5,  6. 
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114.  Liriodendran  primarum,  yewbj.,  Ext.  Floras,  p.  12,  pL  vi,  fis.  7. 
U5.  Liriodendnm  iiUemedium,  Leaqx.,  Cret.  Flora,  p.  93,  pL  xz,  fie.  & 
116.  Liriodendron  giganteum,  Lesqx^  Cret.  Flora,  p.  93,  pi.  xxU,  fig.  2. 

MeHupermiUt,  Lesqx. 

111.  Menupermites  obfutitobua,  Lesqx.,  CreL  Flora,  p.  94,  pi.  xxt.  figt. 

1,2  J  pi.  xxvi,  fig.  3;  Add.  Report,  1874,  p.  356,  pl.vii,  flg.a. 
lis.  J^eHupermiiea  salinieHtis,  Lesqx.,  Cret.  Flora,  p.  95,  pL  xx,  figs.  1, 1. 
119.  MenUpermitet  acerifotitu,  Leaqs.,  Cret.  Flora,  p.  96,  pi.  xx,  figs-^,;!. 
12<).  ifenUpermitet popvlifoHia, Jjesqx.,Aaa.  Bep.,1874,p.357,pl.  v,  fig,3. 

121.  Meniapermites  oralii,  Lesqx.,  Aqd.  Report,  1874,  p.  357,  pi.  t,  fig.1. 

122.  Menigpenniteg cyclophyUug,  Lesqx., ADD.Bep.,  1874, p.35t>, pL vi, fig.4 

MALVOIDE^. 
SUrculia,  Linu.- 

123.  Stercuda  Uaeariloba,  Lesqx.,  Add.  Report,  1674,  p.  35S. 

GrewioptUy  Sap. 

124.  Groriopaif  Hai/drnii,  Lesqx.,  Cret.  Flora,  p.  97,  pi.  Iti,  figs.  3, 4;  pL 

xxiv,  tig.  3. 

AcEBnf£.£. 

Aceriten,  Mass. 

125.  Acer'ites prist'mmy  Jfewby.,  Ext.  Floras,  p.  16,  pi.  v,  fig.  4. 

Xeijuttdoidea,  Lesqx. 
12<i.  ycf/imdoitUit  acnlifolha,  Lesqx.,  Cret.  Flora,  p.  97,  pi.  ssi,  fig.  5. 

FRAXGrLINE,E. 

CdnxtraphijVum,  Ett. 

127.  CeJaiiropkijUum  eim/olium,  Lesqx.,  Cret  Flora,  p.  108,  pi.  xxi,  figs. 

2,  3. 

Ilex,  Liun. 

128.  llcjc  sirangulata.  Lcsqx.,  Aim.  Report,  1S74,  p.  309,  pi.  viii,  fig.  3. 

Pallunis,  Tourn. 

12!t.  Puliuriig  niembranaceiin,  Lesqx.,  Cret.  Flora,  p.  108,  pi.  xx,  fig.  6. 

Itkamnvs,  Linu. 

12!)  biK.  lihamnm  tetitix.  Lesqx.,  Cret.  Flora,  p.  109,  pi.  xxi,  fig.  4. 

Tbukbiktuiise.*. 

Juglaiis,  Liuii. 

130.  Jiifilnna?  DeliPi/ajta,  Hcer,  Lpsijx.,  Cret.  Flora,  p.  110,  pi.  xxiii,  fig* 
l-r>.—l'upiilu>i?  Dibeyanay tleer, Pliyll.du N»Sb., p.  14, pl.i, fig.L- 
Xewby.,  Ext.  Floras,  p.  17,  pl.iv,  flg.  3. 
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PhyUiies,  St 

131.  Phyllites  rhoifoliuSj  Lesqx.,  Cret.  Flora,  p.  Ill,  pi.  xxii,  flgs.  5,  6. 

BOSIFLOBK£. 

Prunusj  Linn. 

132.  Prunmf  cretacea-^  Lesqx.,  Gret  Flora,  p.  Ill,  pi.  xxiii,  figs.  8,  9; 

Anu.  Eeport,  1874,  p.  361,  pi.  iv,  fig.  9. 

Pyrusj  Lind. 

133.  Pyrus  cretaoea^  Newby.,  Ext.  Floras,  p.  12,  pi.  ii,  fig.  7. 

Leguminosje, 

LeguminositeSy  Br. 

134.  Leguminosites  Marcouanna^  Heer, Newby.,  Ext. Floras, p. 8,  pi.  v,  fig.  2. 

Ingebt^  sedis. 
AspidiophylluMj  Lesqx. 

135.  Aspid'A>phyllum  trilohatum^  Lesqx.,  Ann.  Beport,  1874,  p.  301,  pi.  ii, 

figs.  1,  2. 

Protophylluniiy  Lesqx. 

136.  Protopliyllum  Stembergiiy  Lesqx.,  Gret.  Flora,  p.  101,  pi.  xvi;  pi. 

xviii,  fig.  2. 

137.  Protophyllum  LeconteanuMy  Lesqx.,  Cret.  Flora,  p.  103,  pi.  xvii,  fig. 

4;  pi.  xxvi,  fig.  1. 

138.  Protophyllum  f  Nebrascense,  Lesqx«  Cret.  Flora,  p.  103,  pi.  xxvii,  fi g.  3. 

139.  Protophyllum  quadratumy  Lesqx.,  Gret.  Flora,  p.  104,  pi.  xix,  fig.  1. 

140.  Protophyllum  minusy  Lesqx..  Cret.  Flora,  p.  104,  pi.  xix,  fig.  2 ;  pi. 

xxvii,  fig.  1 ;  Ann.  Report,  1874,  p.  362,  pi.  v,  fig.  6. 

141.  Protophyllum  multinervey  Lesqx.,  Cret.  Flora,  p.  105,  pi.  xviii,  fig.  1. 

142.  Protophyllum  rugosumy  Lesqx.,  Cret.  Flora,  p.  105,  pL  xvii,  figs.  1, 

2  'y  pi.  xix,  fig.  3. 

143.  Protophyllum  HaydeniU  Lesqx.,  Cret.  Flora,  p.  106,  pi.  xvii,  fig.  3. 

144.  Protophyllum  crednerioidesy  Lesqx.,  Ann.  Eeport,  1874,  p.  363,  pi.  iii, 

fig.  1 :  pi.  viii,  fig.  4. 

145.  Protophyllum  f  Mudgeiy  Lesqx.,  Gret.  Flora,  p.  106,  pi.  xviii,  fig.  3. 

Anisophyllumy  Lesqx. 

146.  Anisophyllum  semi-alatumy  Lesqx.,  Cret.  Flora,  p.  08,  pi.  vi,  figs.  1-5. 

Ercmophyllumy  Lesqx. 

147.  Eremophyllum  fimhriatumy  Lesqx.,  Cret.  Flora,  p.  107,  pL  viii,  fig.  1. 

Incert^  affinitatis. 

Phyllitesy  St. 

148.  Phyllites  VanoncBy  Heer,  Phyll.  du  N^b.,  p.  22,  pi.  i,  fig.  8. — Lesqx., 

Cret.  Flora,  p.  113,  pi.  xx,  tig.  7 ;  pi.  xxviii,  fig.  8. 
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149.  Phyllitea  obcordatus^  Newby.,  Ext.  Floras,  p.  8,  pi.  v,  fig.  3. 

150.  Phyllitea  hetulcefoliu8^  Lesqx.,  Gret.  Flora,  p.  112,  pi.  xxviii,  figs.  ^  7. 

151.  Phyllites  rhomboideu8^  Lesqx.,  Gret.  Flora,  p.  112,  pi.  vl,  fig.  8. 

152.  Phyllites  cotiniis,  Lesqx.,  Ann.  Report,  1874,  p.  364. — Bumelia  Mar* 

couanaj  Heer,  Lesqx.,  Gret.  Flora,  p.  90,  pi.  xxviii,  fig.  2. 

153.  Phyllites  umhonatus^  Lesqx.,  Gret.  Flora,  p.  113,  pi.  xix,  fig.  4. 

154.  Phyllites  amorphus^  Lesqx.,  Gret.  Flora,  p.  113,  pi.  xxii^  figs.  3^  4. 

PtenostrobuSy  Lesqx. 

155.  Ptenostrohus  NebrascensiSy  Lesqx.,  Gret.  Flora,  p.  114,  pL  xxiv,  fig.  L 

CauUniteSy  Br. 

156.  Caulinites  spinosusy  Lesqx.,  Gret.  Flora,  p.  115. 

157.  Carpolithes  f ,  Auct.,  Lesqx.,  Gret.  Flora,  p.  114,  pi.  xxvii,  fig.  5;  pL 

XXX,  fig.  11. 

TERTIARY. 

GRYPTOGAMiES. 

FUNGL 

Spheria^  Haller. 

1.  Spheria  lapideay  Lesqx.,  Tert.  Flora,  p.  34,  pi.  i,  fig.  3. 

2.  ^heria  myriccBy  Lesqx.,  Tert.  Flora,  p.  34,  pi.  i,  fig.  4. 

3.  Spheria  rhytismoidesy  Lesqx.,  Tert.  Flora,  p.  35,  pi.  i,  figs.  5,  5  a. 

Sclerotiumj  Tode. 

4.  Sclerotlum  rubeUum,  Lesqx.,  Tert.  Flora,  p.  35,  pi.  i,  figs.  2-2/. 

LlCHENES. 

OpegraphUy  Pers. 

5.  Opegrapha  antiqua^  Lesqx.,  Tert.  Flora,  p.  36,  pi.  i,  figs.  1-1  c. 

ALGiE. 

EalymeniteSy  Sternb. 

6.  Hah/menites  Htriutus,  Lesqx.,  Tert.  Flora,  p.  37,  pi.  i,  fig.  6. 

7.  Halymenites  majoVy  Lesqx.,  Tert.  Flora,  p.  38,  pi.  i,  figs.  7,  8. 

8.  Ilali/meniies  minor ^  F.  O.,  Tert.  Flora,  p.  39,  pi.  i,  fig.  9. 

Delesscrixiy  Lamx. 

9.  Delesseria  fulvay  Lesqx.,  Tert.  Flora,  p.  39,  pi.  i,  fig.  10. 

Caulcrpitcs^  Schp. 

10.  CauJcrpites  incrassatufiy  Lesqx.,  Tert.  Flora,  p.  40,  pi.  i,  figs.  11, 12.— 
Delesseria  incrassatay  Lesqx.,  Aun.  Report,  1872,  p.  374:  TerU 
Flora,  p.  40,  pi.  i,  figs.  11,  12. 
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ChondriteSj  Schp. 

11.  Chondrites  mbaimplexj  Lesqx.,  Tert.  Flora,  p.  41,  pi.  i,  fig.  13. 

12.  Chondrites  bulbostis^  Lesqx.,  Tert.  Flora,  p.  42,  pi.  i,  fig.  14. 

13.  Chondrites  (species),  Heer,  Fl.  Alask.,  p.  21,  tab.  x,  fig.  5. 

FucuSj  Linn. 

14.  Fucus  li^itumj  Lesqx.,  Tert.  Flora,  p.  42,  pi.  Ixi,  figs.  24,  24  a. 

Musci, 
Hypnum.  Liuu. 

15.  Hypnum  Haydeniij  Lesqx.,  Tert.  Flora,  p.  44,  pi.  v,  figs.  14,  14  6. 

FiLlCES. 

SphenopteriSy  Brgt. 

16.  Sphenopteris  Ldkesiiy  Lesqx.,  Tert.  Flora,  p.  40,  pi.  ii,  figs.  1,  1  a. — 

SpJienopteris  eocenica^  £tt.,  Lesqx.,  Ann.  Report,  1872,  p.  376. 

17.  Sphenopteris  elongata^  Newby.,  Boston  Jonrn.  Nat  Hist.,  1863,  p.  6. 

18.  Sphenopteris  membranaceaj  Lesqx.,  Tert.  Flora,  p.  50,  pi.  ii,  figs.  2, 

2  a,  3,  3  a. 

19.  Sphenopteris  nigricanSy  Lesqx.,  Tert.  Flora,  p.  51,  pi.  ii,  figs.  4-5  a. 

Hymenophyllumy  Klf., 

20.  Hymenophyllum  confusumy  Lesqx.,  Tert.  Flora,  p.  51,  pi.  ii,  figs.  6-6  a. 

PteriSy  Linn. 

21.  Pteris  pseudopennceJonniSy  Lesqx.,  Tert.  Flora,  p.  52,  pi.  iv,  figs.  3, 4. — 

Pteris  pennccformiSy  Heer. — Lesqx.,  Annnal  Report,  1873,  p.  392. 

22.  Pteris  suhsimplexy  Lesqx.,  Tert.  Flora,  p.  52,  pi.  iv,  figs.  5-7. 

23.  Pteris  erosay  Lesqx.,  Tert.  Flora,  p.  53,  pi.  iv,  fig.  8. 

24.  Pteris  SitkensiSy  Ueer,  Flora  Alask.,  p.  21,  tab.  i,  fig.  7  a. 

Woodwarditty  Sm. 

25.  Woodwardia  latiloha  Lesqx.,  Tert.  Flora,  p.  54,  pi.  iii,  figs.  1, 1  a. 

26.  Woodwardia  latiloha  var.  minoTy  Lesqx.,  Tert.  Flora,  p.  54,  pi.  iv, 

figs.  9,  9  a, 

DiplaziuMy  Sw. 

27.  Diplazitim  Muelleri  f ,  Heer,  Lesqx.,  Tert.  Flora,  p.  55,  pi.  iv,  figs. 

10,  10  a. 

Lastrea,  Presl. 

28.  Lastrea  (Ooniopteris)  Ooldianay  Lesqx.,  Tert.  Flora,  p.  56,  pi.  iv,  fig. 

13. — Aspidium  goldianumy  Lesqx.,  Annual  Report,  1873,  p.  393. 

29.  Lastrea  (Ooniopteris)  intermediay  Lesqx.,  Tert.  Flora,  p.  5(}y  pi.  iv, 

fig.   14. — Aspidium  pulchellumf  or  A.  Fischeri,  Heer. — Lesqx., 
Annual  Report,  1870,  p.  384. 
50.  Lastrea  {Ooniopteris)  polypodioidesfy  Ett.,  Tert.  Flora,  p.  57,  pi.  iv, 
figs.  11,  12. 

32  G 
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31.  Aspidium  Kennerlyiy  Newby.,  Boston  Joarn.  Nat.  Hist.,  1863,  p.  8. 

Gymnogrammaj  Desv. 

32.  Oymnogramma  Oardneri^  Lesqx.,  Tert.  Flora,  p.  68,  pi.  iv,  flg.  2.— 

Pteris  Gardnerij  Lesqx.,  ADoaal  Beporti  1873,  p.  393. 

33.  Gymnogramma  Haydeniiy  Lesqx.,  Tert.  Flora,  p.  59,  pi.  y,  figs.  1-3. 

Osmundaj  Linn. 

34.  Osmunda  affiniSj  Lesqx.,  Tert.  Flora,  p.  60,  pi.  iv,  fig.  1. — Ptem 

affinis^  Lesqx.,  Annaal  Beport,  1873,  p.  392. 

LygodiuMj  Sw. 

35.  Lygodium  neuropteroides^  Lesqx.,  Tert.  Flora,  p.  61,  pL  y^  figs.  4-7; 

pi.  vi,  fig.  1. 

36.  Lygodium  Marvinei,  Lesqx.,  Tert.  Flora,  p.  62,  pi.  v,  fig.  8. 

37.  Lygodium  Dentonij  Lesqx.,  Tert.  Flora,  p.  63,  pi.  Ixv,  figs.  12, 13. 

38.  Lygodium  compactumy  Lesqx.,  Tert.  Flora,  p.  64,  pi.  v,  flg.  9. 

Onocleaj  L. 

39.  Onoclea  sensibiliSj  Linn. — Newby.,  Ext.  Floras,  p.  39,  pi.  8,  fig.  1 ;  pL 

iv,  figs.  1-5. 

40.  Tocniopteris  Gibbaii,  Newby.,  Boston  Joarn.  Nat.  Hist.,  1863,  p.  7. 

Bhizooabp^. 
Salvinia,  Michx. 

41.  Salvinia  cyclophylla,  Lesqx.,  Tert.  Flora,  p.  (yi,  pi.  v,  figs.  10,  10a. 

42.  tSah'inia  Alleni,  Lesqx.,  Tert.  Flora,  p.  65,  pi.  v,  flg.  11. — Ophiogloi' 

sum  AUeni,  Lesqx.,  Annual  Beport,  1872,  p.  371. 

43.  Salvinia  attenuata^  Lesqx.,  Tert.  Flora,  p.  65,  pi.  ixiv,  flg.  14,  14a. 

CALAMABIiE. 
Equisetace^. 
Equisetum^  Linn. 

44.  Equisetum  Haydenii,  Lesqx.,  Tert.  Flora,  p.  67,  pi.  vi,  figs.  2-4. 

45.  Equisetum  la^vigaium,  Lesqx.,  Tert.  Flora,  p.  68,  pi.  vi.  figs.  6,  7. 

46.  Equisetum  Wyomiugense,  Lesqx.,  Tert.  Flora,  p.  69,  pi.  vi,  figs,  8-11. 

47.  Equisetum  rohustum^  Newby.,  Boston  Journ.  Nat.  Ilist.,  1863,  p.  S. 

48.  Equisetum  limosum  f ,  Linn.,  Lesqx.,  Tert.  Flora,  p.  69,  pi.  vi,  fig.  5. 

Lycopodiace^. 
Lycopoditim,  Linn. 

49.  Lycopodium  prominens^  Lesqx.,  Tert.  Flora,  p.  45,  pi.  v,  figs.  13,13k 
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SetagineUoj  Beaxiv. 

60.  BelagineUa  Berthoudi,  Lesqx.,  Tert.  Flora,  p.  46.  pL  y,  flgs«  12, 12  a. 
51.  SelagHteUafaloatOj  Leaqx.,  Tert.  Flora,  p.  46,  pL  Ixi,  figs.  12, 15 ;  pi. 

Ixiv,  figs.  13, 13  a. 
62.  Selaginella  Uusiniatay  Leeqx.,  Tert  Flora,  p.  47,  pi.  Ixiv,  figs.  12, 12  a. 

Pailotum^  Swartz. 

53.  Psilotum  inerme^  Newby.,  Ext.  Floras,  p.  38,  pi.  viii,  fig.  3. 

PHiENOGAMiE. 
Gymkospebius. 

Zamke. 
ZamioatrolmSj  Endl. 

54.  Zamiostrobus  t  mirabiliaf  Lesqx.,  Tert  Flora,  p.  70,  pi.  Ixiii ,  figs.  1, 1  d. 

OONIPEEJB. 

OXTPBESSINE^. 

WiddfingUmia^  Endl. 

55.  Widdringtania  t  camptanata^  Lesqx.,  Tert.  Flora,  p.  72,  pl.  Ixii,  figs. 

13,14. 

Taxodium^  Bich. 

56.  Taxodium  distickum  miocenicumj  Heer,  Lesqx.,  Tert.  Flora,  p.  73,  pi. 

vi,  figs.  12-14  a. 

57.  Taxodium  occidentalej  Newby.,  Boston  Joam.  Nat  Hist,  1863,  p. 

11 ;  Ext.  Floras,  p.  45,  pl.  xi,  figs.  1-3. — T.  dubiuMj  St.,  Lesqx., 
ADnnal  Beport,  1872^  p.  389 ;  1873,  p.  409. 

58.  Taxodium  Tinajorum^HeeT,  Flora  Alask.,  p.  22,  tab.  i,  figs.  1-5. 

59.  Taxodium  cuneatum^  Newby.,  Boston  Joarn.  Nat.  Hist,  1863,  p.  12. 

Taxites.  Br. 

60.  Taxites  mUrophylluSj  Heer,  Flora  Alask.,  p.  24,  tab.  i,  fig.  9. 

61.  Taxites  OlriJcij  Heer,  Flora  Alask.,  p.  23,  tab.  i,  fig.  8 ;  tab.  ii,  fig.  5  b. 

Thuytty  Brgt. 

62.  Thuya  inierrupta,  Newby.,  Ext.  Floras,  p.  42,  pl.  xi,  figs.  5,  5  a. 

Olyptostrobusj  Endl. 

63.  Olypiosirobus  EuropceuSj  Heer,  Lesqx.,  Tert.  Flora,  p.  74,  pl.  vii,  figs. 

1,  2.^Newby.,  Ext  Floras,  p.  43,  pl.  xi,  figs.  6^',  Boston  Journ. 
Nat  Hist,  1863,  p.  12. 

ASIETINEiE:. 

Sequoittj  Torr. 

64.  Sequoia  affiniSj  Lesqx.,  Tert.  Flora,  p.  75,  pl.  vii,  figs.  3-6  j  pl.  Ixv, 

tigs.  1-4. 
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65.  Sequoia  Langsdorfii^  Brgt.,  Heer,  Foss.  Plants  of  Vancouver,  p.  6, 

pi.  i,  figs.  1-5. — iNewby.,  Ext.  Floras,  p.  46,  pi.  xi,  figs.  4,  8,  9.— 
Lesqx.,  Tert.  Flora,  p.  76. 

66.  Sequoia  angustifolia^  Lesqx.,  Tert.  Flora,  p.  77,  pi.  vii,  figs.  6-10. 

67.  Sequoia  Heeriiy  Lesqx.,  Tert.  Flora,  p.  77,  pi.  vii,  figs.  11-13. 

68.  Sequoia  brevifolia,  Heer,  Tert.  Flora,  p.  78,  pi.  1x1,  figs.  25-27. 

69.  Sequoia  longifolia^  Lesqx.,  Tert.  Flora,  p.  79,  pi.  vii,  figs.  14, 14  a ;  pL 

Ixi,  figs.  28,  29. 

70.  Sequoia  acuminata^  Lesqx.,  Tert.  Flora,  p.  80,  pi.  vii,  figs.  15-16a. 

71.  Sequoia  biformisj  Lesqx.,  Tert.  Flora,  p.  80,  pi.  Ixii,  figs.  15-18  a. 

AbietiteSy  Goepp. 

72.  Abietites  dubiusy  Lesqx.,  Tert.  Flora,  p.  81,  pi.  vii,  figs.  19-24. 

73.  Abietites  setigery  Lesqx.,  Tert.  Flora,  p.  82,  pi.  vii,  figs.  17, 18. 

PinuSj  Linn. 

74.  Pinug  palaostrobus  f ,  Ett.,  Tert.  Flora,  p.  83,  pi.  vii,  figs.  25-3L 

P.  polaris^  Heer,  Lesqx.,  Annual  Report,  1873,  p.  410. 

75.  Pinus  (sp.),  Heer,  Flora  Alask.,  p.  23,  tab.  i,  fig.  11. 

76.  Pinites  pannonica^  ^^g^j  Heer,  Flora  Alask.,  p.  23. 

Taxine-E. 
Salisburiay  Sm. 

77.  Salisburia  binervatay  Lesqx.,  Trans.  Am.  Philos.  Soc.,  voL  xiii,  p.  412, 

pi.  XV,  tigs.  3-0. 

78.  Salisburia  j^olymorphay  Lesqx.,  Tert.  Flora,  p.  84,  pi.  Ix,  figs.  40, 41. 

MOXOCOTYLEDONES. 

GLUMACEiE. 

ArundOy  Linu. 

79.  Artnido  Goepperti?^  Miinst.,  Tert.  Flora,  p.  %Qj  pi.  viii,  figs.  3-5. 

80.  Arundo  reperta,  Lesqx.,  Tert.  Flora,  p.  87,  pi.  viii,  figs.  €Ps. 

81.  Arundo  f  obtusa,  Lesqx.,  Tert.  Flora,  p.  87,  pl.  viii,  figs.  9,  9  c. 

Phragmites,  Triu. 

82.  Phragmites  (Eningeyisis,  Al.  Br.,  Tert.  Flora,  p.  88,  pl.  viii,  figs.  1-- 

83.  Phragmites  Alaskana^  Heer,  Lesqx.,  Tert.  Flora,  p.  90,  pl.  viii,  f.  10-12. 

84.  Phragmites  {si>.),  Xewby.,  Ext  Floras,  p.  38,  pl.  vii,  figs.  5,  oo, 

Cyperace^. 
Cyperusy  Linn. 

85.  Cyperus  ChavanensiSy  Heer,  Tert.  Flora,  p.  92,  pl.  ix,  figs.  1-2. 

CareXy  Miebx. 

86.  Carex  Berthoudi,  Lesqx.,  Tert.  Flora,  p.  92,  pl.  ix,  figs.  3-4. 

87.  Carex  servatay  Heer,  Flora  Alask.,  p.  24,  tab.  i,  fig.  13. 
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Poacites,  Br. 

88.  Poacites  tenue-striatusy  Heer,  Flora  Alask.,  p.  24,  tab.  i,  fig.  14. 

Alismageje. 

89.  Saffittaria  pulcheUaj  Heer,  Flor.  Alask.,  p.  25,  tab.  i,  fig.  15. 

OOEOI^AEI^. 

Smilace^. 
Smilaxj  Tourn. 

90.  Smilax  cyclophylla^  Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  16. 

91.  Smilax  grarClifolia^  UDg.,  Lesqx.,  Tert.  Flora,  p.  94,  pi.  ix,  fig.  5. 

SCITAMINE^. 

ZingibercLcecB. 
ZingiberiteSj  Heer. 

92.  Zingiberites  dubiuSj  Lesqx.,  Tert.  Flora,  p.  95,  pi.  xvi,  fig.  1. 

MUSAOEJE. 

Musophyllum^  Goepp. 

93.  Musophyllum  complicatuMj  Lesqx.,  Tert.  Flora,  p.  96,  pi.  xv,  £  1-6* 

Ensateje. 

ffydrocharidecB, 

Ottelia,  Pers. 

94.  Ottelia  Americana^  Lesqx.,  Tert.  Flora,  p.  98,  pi.  Ixi,  fig.  8. 

POTAME^. 

Najadece. 
CaiiliniteSj  Brgt. 

95.  Caulinites  sparganiaides,  Lesqx.,  Tert.  Flora,  p.  99.  pi.  xiv,  figs.  4-lL 

96.  Caulitiites  fecxinduSy  Lesqx.,  Tert.  Flora,  p.  101,  pi.  xiv,  figs.  1-3. 

Fluviales. 

Leinnaceco, 

Lemnay  Linn. 

97.  Lemna  sctitatay  Daws.,  Tert.  Flora,  p.  102,  pi.  Ixi,  figs.  2,  5. 
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SPADIOIFLORaE. 

ABAOEiB. 

Pistia,  Linn. 

98.  Pistia  corrxigata^  Lesqx.,  Terfc.  Flora,  p.  103,  pi.  Ixi,  f.  1, 3, 4, 6, 7, 9-11. 

AroidecB. 

Acorns^  Linn. 

99.  Acorus  brachystachySj  Heer,  Tert.  Flora,  p.  105,  pi.  xiv,  figs.  12-15. 

100.  Acorus  calamus  f ,  Linn.,  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  vol.  xxvii. 

p.  365. 

MONOCOTYLEDONBS  mOEET-ffi)  SBDIS. 

Eriocaulon^  Grooov. 

101.  Eriocaulonf  porosuMj  Lesqx.,  Tert.  Flora,  p.  106,  pi.  xvi,  figs.  2, 2  a. 

102.  Phyllites  improhatuSj  Lesqx.,  Tert.  Flora,  p.  107,  pi.  xiv,  fig.  18.— 

Bhizocaulon  gracilCj  Lesqx.,  Ann.  Beport,  1873,  p.  396. 

PRINOIPES. 

PALMiB. 

Flabellariaj  Schp. 

103.  Flahellaria  Zinkeni  f ,  Heer,  Tert.  Flora,  p.  110,  pi.  ix,  figs.  6,  8. 

104.  Flahellaria  Eocenicay  Lesqx.,  Tert.  Flora,  p.  Ill,  pi.  xiii,  figs.  1-3. 

Sahalites, 

105.  Sahalites  Orayanus^  Lesqx.,  Tert.  Flora,  p.  112,  pi.  xii,  figs.  1,  2.— 

Sahal  Grayana,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  412, 
pi.  xiv,  figs.  4,  5,  6. 

106.  Sahalites  Cali/ornicus,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep., 

p.  1,  pi.  i,  fig.  1. 

107.  Sahalites  fructifer,  Lesqx.,  Tert.  Flora,  p.  114,  pi.  xi,  figs.  3,  3  a.— 

Flahelluria  f  fructifera^  Lesqx.,  Ann.  iteport,  1873,  p.  396. 

SabaU  A  dans. 

108.  Sahal  Camphelli^  Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  9;  Eit 

Floras,  p.  41,  pi.  x. — Sahalites  Camp&eZZ*,  Newby.,  Lesqx.,  Tert. 
Flora,  p.  113. 

109.  Sahal  (sp.),  Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  10. 

Oeonomites,  Lesqx. 

110.  Geonomiies  Goldianus^  Lesqx.,  Tert.  Flora,  p.  115,  pi.  ix,  fig.O.— 

Palmacites  Goldianus,  Lesqx.,  Ann.  Report,  1874,  p.  311. 

111.  Geonomiies  Schiinperi,  Lesqx.,  Tert.  Flora,  p.  116,  pi.  x,  Gg.  1. 

112.  Geonomites  tenxiirachis^  Lesqx.,  Tert.  Flora,  p.  117,  pi.  xi,  l^g.  1  — 

Flahellaria  longirachis  f,  Ung.,  Lesqx.,  Ann.  lleport,  1873,  p.  396. 

113.  Geonomites  Ungeri^  Lesqx.,  Tert.  Flora,  p.  118,  pi.  xi,  tig.  2. 
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OalamopsiSj  Heer. 

114.  Calamopsis  Danai^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  411, 

pi.  xiv,  figs,  ly  2,  3. 

Palmocarpon,  Lesqx. 

115.  Palmocarpon  compositumj  Lesqx.,  Tert.  Flora,  p.  119,  pi.  xi,  fig.  4. — 

Carpoliihes  compositmj  Lesqx.,  Sapplement  to  Annaal  Beport, 
1871,  p.  16. 

116.  Palmocarpon  Mexicanum^  Lesqx.,  Tert.  Flora,  p.  119,  pi.  xi,  fig.  5. — 

Garpoliihes  MexicanuSy  Lesqx.,  Supplement  to  Annaal  Eeport, 
1871,  p.  17. 

117.  Palmocarpon  commune^  Lesqx.,  Tert.  Flora,  p.  119,  pi.  xiii,  figs.  4-7. — 

CarpoUthes  palmarum^  Lesq.,   Supplement  to  Annual  lleport, 
1871,  p.  13;  Annaal  Eeport,  1872,  pp.  382,  398. 

118.  Palmocarpon  truncatum^  Lesqx.,  Tert.  Flora,  p.  120,  pi.  xi,  figs.  6-0. 

119.  Palmocarpon  oorrugatum^  Lesqx.,  Tert.  Flora,  p.  121,  pi.  xi,  f.  10, 11. 

120.  Palmocarpon  subcylindricumj  Lesqx.,  Tert.  Flora,  p.  121,  i>l.  xi,  f.  12. 

DICOTYLEDONBS. 

Apetal-s:. 

Amentaoe^. 

MyricacecB. 
Myricay  Linn. 

121.  Myrica  Torreyi^  Lesqx.,  Tert.  Flora,  p.  129,  pi.  xvl,  figs.  3-10. 

122.  Myrica  acuminata^  tTng.,  Tert,  Flora,  p.  130,  pi.  xvii,  figs.  1-4. 

123.  Myrica  Copeana,  Lesqx.,  Tert.  Flora,  p.  131,  pi.  xvii,  tig.  5. 

124.  Myrica  urululata  fyHeeVj  Lesqx.,  Tert.  Flora,  p.  131,  pi.  xvii,  f.  G^. 

125.  Myrica  nigricans^  Lesqx.,  Tert.  Flora,  p.  132,  pi.  xvii,  figs.  9-12. 

126.  Myrica  Bolanderij  Lesqx.,  Tert.  Flora,  p.  133,  pi.  xvii,  fig.  17. 

127.  Myrica  Ludwigiij  Schp.,  Tert.  Flora,  p.  133,  pi.  Ixv,  fig.  9. 

Comptonia. 

128.  Myrica  vindobonensiSy  Ett.,  Heer,  Flora  Alask.,  p.  27,  pi.  iii,  f.  4, 5. 

129.  Myrica  banksiwfoliaj  Ung.,  Heer,  Flora  Alask.,  p.  28,  pi.  ii,  fig.  11. 

130.  Myrica  latilobaj  Heer,  var.  a^mtilobaj  Lesqx.,  Tert.  Flora,  p.  134,  pi. 

xvii,  fig.  13. 

131.  Myrica  partita,  Lesqx.,  Tert.  Flora,  p.  134,  pi.  xvii,  fig.  14. 

132.  Myrica  Brongniarti,  Ett.,  Tert.  Flora,  p.  135,  pi.  xvii,  tig.  15. 

133.  Myrica  insignis,  Lesqx.,  Tert.  Flora,  p.  135,  pi.  Ixv,  tigs.  7,  8. 

134.  Myrica? Lessigii J  Lesqx.,  Tert.  Flora,  p.  136,  pl.  Ixiv,  tig.  1. 

Betulace^. 
BetulUy  Linn. 

135.  Betula  prisca^  Ett.,  Heer,  Flora  Alask.,  p.  28,  pl.  v,  tigs.  3-6. 

136.  Betula  grandifoUa^  Ett.,  Heer,  Flora  Alask.,  p.  29,  pl.  v,  tig.  8. 

137.  Betula  Vogdesii^  Lesqx.,  Tert.  Flora,  p.  137,  pl.  xvii,  tigs.  18,  10. 

138.  Betula  gracilis,  Ludw.,  Lesqx.,  Tert.  Flora,  p.  138,  pl.  xvii,  fig.  20. 

139.  Betula  Ooepperti,  Lesqx.,  Tert.  Flora,  p.  138,  pl.  xvii,  tigs.  21-23. 
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140.  Betula  eaudatOj  Gk>epp.,  Lesqx,,  Annaal  Report  1871.  p^  283. 

141.  Betula  Stevemonij  Leaqz^^Tert  Flora,  p.  1399  pl«  zviii,  fin.  1-A. 

142.  Betula  asqualiSy  Lesqz.,  Wbitney's  Qeoh  of  the'  Aarif.  Depw,  p^  8, 

pi.  i,  figs.  2-4. 

AlnuSf  Tonmef. 

143.  Alnus  Kefersteiniij  Goepp.,  Lesqz.,  Tert.  Flora,  p.  140,  pi.  xviii| 

figs.  6-8 ;  pi.  Ixiy,  fig.  11. 

144.  Alnue  serrataj  Newby.,  Ext.  Floras,  p.  SS,  pL  xvi,  figs.  10,  IL 

Alnitfij  Sap. 
146.  Alnites  incBquilateralUf  Lesqx.,  Tert  Flora,  p.  141,  pL  Ixii,  figs.  1-4. 

OUPULIFE&fi. 

OarpimiUj  Linn. 

146.  Oarpinua  grandii^  Ung.,  Lesqx^  Tert  Flora,  p.  143,  pL  xix,  fig.  9; 

pi.  Ixiv,  figs.  8-10 ;  Oeol.  of  Vermont^  p.  716.— Newby.,  BoMa 
Joam.  Nat  Hist.,  1863,  p.  ,14. 

CaryluSf  Toom. 

147.  Oorylu8  MacQuarrii^  (Forbes)  Heer,  Lesqx.,  Tert  Floniy  p.  141, 

pi.  xviii,  figs.  9-11. 

148.  Corylue  grandifolia^  Newby.,  Ext  Floras,  p.  60,  pL  xv,  fig.  6. 

149.  Corylus  orbiculataj  Newby.,  Ext  Floras,  p.  68,  pi.  xv,  fi||^.  4. 

160.  Corylm  Americana^  Walt,  Ext  Floras,  p.  69,  pi.  xiv,  figs.  8-10. 

161.  Corylm  rostrata^  Ait,  Newby,  Ext  Floras,  p.  60,  pL  xv,  figa.  1-4. 

Fagu8f  Tcurn. 

152.  Fagus  Feronicv^  Ung.,  Heer,  Flora  Alask.,  p.  31,  pi.  vi,  fig.  9. — Lesqx., 

Tert.  Flora,  p.  146,  pi.  xix,  figs.  1-3. 

153.  Fagm  macrojyhyUUj  Ung.,  Heer,  Flora  Alask.,  p.  31,  pi.  viii,  fig.  2. 

154.  Fagus  Antipoji,  Ileer,  Flora  Alask.,  p.  30,  pi.  v,  fig.  4  a;  pi.  vii,  figs. 

4-8;  pi.  viii,  fig.  1. — Lesqx.  in  Whitney's  Geol.  of  the  Aurif.  Dep., 
p.  3,  pi.  ii,  fig.  13. 

155.  Fagm  ferrugbieay  Michx.,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  fig.  IL 

156.  Fagm  pseudoferrugineaj  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  iJep., 

p.  3, 1)1.  ii,  fig.  14. 

157.  Fagm  Eifchcockiij  Lesqx.,  Geol.  of  Vermont,  p.  714,  figs.  126, 127. 

Qmrcusy  Linn. 
§  1. — Leaves  entire. 

158.  Qucrcm  nerilfoUa^  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  150,  pi.  xix,  f.  4-5. 

159.  Qnercm  straminea^  Lesqx.,  Tert.  Flora,  p.  151,  pi.  xix,  figs.  6-7. 

160.  Qucrcm  chloraphylla^  Ung.,  Lesqx.,  Tert.  Flora,  p.  151,  pi.  xxi,  fig.  3. 

161.  Qucrcm  cinereoides^  Lesqx.,  Tert.  Flora,  p.  152,  pi.  xxi,  fig.  6. 

162.  Qucrcm  eUcnoideSj  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  P. 

4, 1)1.  i,  tigs.  9-12. 

163.  Quercm  convexa,  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p.  4, 

pi.  i,  tig.  13-17. 

164.  Quercus  virem^  Michx.,  Lesqx..  Am.  Joarn.  Sci.  and  Arts,  vol.  xxvii, 

p.  303. 
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165.  Querent  myrtifoUa^  Willd.,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  flg.  3. 

1C6.  Quercus  coriacea,  Newby.,  Boston  Jonrn.  Nat.  Hist.,  18;  3,  p.  15. 

167.  Qnercm  elliptica^  Newby.,.  Boston  Journ.  Nat.  Hist.,  1863,  p.  17. 

168.  Quercus  multinervis^  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  vol.  xxvii, 

p.  360. 

169.  Quercus  Benzoin^  Lesqx.,  Am.  Joarn.,  loc.oitj  p.  360. 

170.  Quercus  Evansii^  Lesqx.,  Am.  Journ.,  loc.  city  p.  360. 

171.  Quercus  Lyelliij  Heer,  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p. 

415,  pi.  xvii,  figs.  1,  2,  3. 

172.  Quercus  retractaj  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  416,  pi. 

xvi,  figs.  4,  5. 

173.  Quercus  chloraphylla^  Ung.,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii, 

p.  416,  pi.  xvii,  figs.  5,  6,  7. 

§  2.— Leaves  serrate^  dentate^  or  crenaie. 

174.  Quercus  Gaudiniy  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  vol.  xxvii,  p. 

360. 

175.  Quercus,  platinerviSj  Lesqx.,  Am.  Journ.,  loc.  citj  p.  361. 

176.  Quercus  Valdensis^  Heer,  Lesqx.,  Tert.  Flora,  p.  163,  pi.  xix,  fig.  8. 

177.  Quercus  Godeti  f,  Heer,  Lesqx.,  Tert.  Flora,  p.  153,  pi.  xx,  fig.  1. 

178.  Quercus  Boweniana^'hesqx.,  Whitney's  Geol.  of  the  Aurifc  Dep.,  p. 

6,  pi.  ii,  figs.  5,  6. 

179.  Quercus  Ooepperti,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

7,  pi.  ii,  fig.  11. 

180.  Querus  Voyana,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  8, 

pi.  ii,  fig.  12. 

181.  Quercus  distincta,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  6, 

pi.  ii,  figs.  7,  9. 

182.  Quercus  Nevadensis,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

5,  pi.  ii,  figs.  3,  4. 

183.  Quercus  crassinervisj  Ung.,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  tig.  1. 

184.  Qusrcus  flexuasa,  Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  16. 

185.  Quercus  Saffordi^  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  figs.  2  a,  6,  c, 

186.  Quercus  banksiccfolia,  Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  17. 

187.  Quercus  Cleburni^  Lesqx.,  Tert.  Flora,  p.  154,  pi.  xx.  fig.  2. 

188.  Quercus  f  fraxini/olia,  Lesqx.,  Tert.  Flora,  p.  154,  pi.  xx,  fig.  3. 

189.  Quercus  LaharjHj  Gaud.,  Lesqx.,  Ann.  Report,  1871,  p.  297. 

190.  Quercus  EUisiana,  Lesqx.,  Tert.  Flora,  p.  155,  pi.  xx,  figs.  4, 5,  7,  8. 

191.  Quercus  Pealeij  Lesqx.,  Tert.  Flora,  p.  156,  pi.  xx,  fig.  6. 

192.  Quercus  Haidingeri,  Ett.,  Lesqx.,  Tert.  Flora,  p.  156,  pi.  xx,  f.  9, 10. 

193.  Quercus  drymeja,  Ung.,  Lesqx.,  Tert.  Flora,  p.  157,  pi.  xix,  fig.  14. 

194.  Quercus  Haydenii^  Lesqx.,  Tert.  Flora,  p.  157,  pi.  xix,  fig.  10. 

195.  Quercus  acrodon^  Lesqx.,  Tert.  Flora,  p.  158,  pi.  xix,  figs.  11-13. 

196.  Quercus  Viburnifolia,  Lesqx.,  Tert.  Flora,  p.  159,  pi.  xx,  figs.  11- 

12. — Quercus  attenuatafj  Goepp.,  Lesqx.,  Ann.  Report,  1873,  p. 
398. — Quercus  triangularis,  Goepp.,  Lesqx.  (in  part),  Ann.  lie- 
port,  1872,  p.  377. 

197.  Quercus  pHeudocastanea,  Goepp.,  lleer,  Flora  Alask.,  p.  32,  pi.  vi, 

tigs.  3-5. 

198.  Quercus  Funihjelmi,  Heer,  Flora  xVlask.,  p.  32,  pi.  v,  tig.  10;  pi.  vi, 

tigs.  1,  2. 

199.  Quercus  imndurata,  Heer,  Flora  Ahisk.,  p.  33,  pi.  vi,  tig.  6. 
2(K).  Quercus  Chamissoni,  Ueer,  Flora  Alask.,  p.  33,  pi.  vi,  figs.  7,  8. 

201.  Quercus  platania,  Heer,  Lesqx.,  Tert.  Flora,  p.  160,  pi.  xxi,  tig.  1. 

202.  Quercus  Moorii,  Lesqx.,  Trans.  Ain.  Philos.  Soc,  vol.  xiii,  p.  415,  pi. 

xvi,  tigs.  1,  2,  3. 
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§  3<— Jieavet  UbaUf  h&rd$r  miUre. 

203.  Quercus  negundoideif  Lesqz.,  Terk  Flon,  p.  161,  pL  zsit  flg.  S. 
2U4.  QwBTCus  pMeuda-lyrata^  Lesqx.,  Whitn^'s  Geol.  m  the  Aorifl  Dep^ 
p.  8,  pi.  ii,  figs.  1,  2. 

205.  Quercus  (mgustilcboj  Al.  Br.,  Lesqz.,  Teit.  FIoTOi  p.  Ul,  pL  zzi,  flgiL 

4,5. 

DryoptyUiMh  Pebey. 

206.  DryophjfUum  (Quereui)  crenaium^  Leiqz.,  Tert  Flora,  p.  lAS,jpL  hiiy 

figs.  10  and  11.— Dryophfllum  erenatmrn.  Lesqz^  Aon.  Bepoit^ 
1874,  p.  301. 

207.  Dryophyllum  {Quercus)  iubfdlcatfm,  Leaqx.,  Tdrt  Flora,  p.  163^  pL 
Ixiii,  fig.  10. 

Toarn. 


208.  Casianea  intermedia^  Lesqz.,  Tert  Flora,  p.  164,  ^1.  zxt,  llg.  7. 

209.  Casiamea  Ungeri^  Heer,  Flora  Alask.,  p.  32,  pL  vu.  figs.  1-& 

210.  (Jastanea  nana^  Mnhl.,  Lesqz.,  ▲■!•  Joom.  8d.  ana  .^iBm  vA  zzfii, 

p.  365. 

Caeianeopete,  Sap. 

211.  Castaneapsis  chrysophylUndeSj  Lesqz.,  Whitney'b  Geol.  of  tbe  AniUl 

Dep.y  p.  9,  pi.  ii,  fig.  10. 

SAUomxjB. 
SaliXy  Linn. 

212.  Salix  integra^  Goepp.,  Tert  Flora,  p.  167,  pi.  zzii,  figs.  1,  2. 

213.  Salix  mediaj  Heer,  Lesqx.,  Tert.  Flora,  p.  168,  pi.  xxii,  fig.  3. 

214.  Salix  angustay  Al.  Br.,  Lesqx.,  Terfc.  Flora,  p.  168,  pi.  xxii,  figs.  4-o. 

215.  Salix  elongatay  O.  Web.,  Lesqx.,  Tert  Flora,  p.  169,  pi.  xxii,  flg^  6,7. 

216.  Salix  f  densinerviSy  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  E[,  fig.  9. 

217.  Salix  Worthenii^  Lesqx.,  Trans.  Am.  Philos.  Soa,  voL  xiii,  p.  414, 

pi.  XV,  fig.  7. 

218.  Salix  califomica^  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p.  10, 

pi.  i,  figs.  18-21. 

219.  Salix  iabellariSj  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  414,  pL 

xvii,  fig.  4. 

220.  Salix  maoraphyllaj  Heer,  Flora  Alask.,  p.  27,  pi.  ii,  fig.  9. 

221.  Salix  Lavateriy  Heer,  Flora  Alask.,  p.  27,  pi.  ii,  fig.  10. 

222.  Salix  ellipticay  Lesqx.,  Whitney's  Geol.  of  the  Aorif.  Dep.,  p.  10,  pL 

i,  fig.  22. 

223.  Salix  Islandixiay  Lesqx.,  Am.  Jonrn.  Sei.  and  Arts,  vol.  zxvii,  p.360L 

224.  Salix  variansj  Goepp.,  Heer,  Flora  Alask.,  p.  27,  pi.  ii,  fig.  8 :  pi.  iii) 

figs.  1,  2,  3. 

PopuluSy  Linn. 

225.  Populus  latior^  Al.  Br.,  Heer,  Flora  Alask.,  p.  25,  pi.  ii,  fig.  4;  var. 

cordifolia^  Lesqx.,  Tert  Flora,  p.  172,  pi.  xxii,  fig.  8. 

226.  Populus  subrotundata,  Lesqx.,  Tert  Flora,  p.  173,  pi.  xxiv,  flga.6-8^ 

227.  Populus  glandulifera^  Heer,  Flora  Alask.,  p.  26,  pi.  ii,  figs.  1,  2. 

228.  Populus  balsamoideSf  Goepp.,  Flora  Alask.,  p.  26,  pi.  ii,  fig.  3. 

229.  Populus  leucophylla,  Ung.,  Flora  Alask,  p.  ^,  pi.  ii.  fig.  6. 

230.  Populus  melanariay  Heer,  Lesqx.,  Tert  Flora,  p.  173,  pi.  Iziv,  fig.  & 
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231.  Populus  melanarioidesy  Lesqz.,  Tert.  Flora,  p.  174,  pi.  Ixii,  fig.  5. 

232.  Fopulus  Ungerij  Lesqx.,  Tert.  Flora,  p.  175,  pi.  xxiv,  fig.  5. 

233.  Fopulw  heliadfinij  Ung.,  Lesqx.,  Ann.  Beport,  1873,  p.  397. 

234.  Populus  IcBvigata^  Lesqx.,  Tert.  Flora,  p.  175,  pi.  xxii,  fig.  9. 

235.  Pqpulm  Zaddachij  Heer,  Flora  Alask.,  p.  26,  pi.  ii,  fig.  5  a. — Lesqx. 

Tert.  Flora,  p.  176,  pi.  xxii,  fig.  13 ;  Whitney's  Geol.  of  the  Aurif. 
Dep.,  p.  11,  pi.  8,  figs.  IS. 

236.  Fopultis  Siebardsonij  Heer,  Lesqx.,  Tert.  Flora,  p.  177,  pi.  xxii,  figs. 

10-12. 

237.  Papuliis  rhomboideaj  Lesqx.,  Am.  Jonm.  Sci.  and  Arts,  vol.  xxvii, 

p.  360. — Newby.,  Boston  Joum.  Kat.  Hist.,  1863,  p.  18. 

238.  Populus  monodonj  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  413, 

pi.  XV,  figs.  1,  2 ;  Tert.  Flora,  p.  180,  pi.  xxiv,  figs.  1,  2. 

239.  Populus  mutalnlis^  var.  repando-crenata,  Heer,  Lesqx.,  Trans.  Am. 

Philos.  Soc,  vol.  xiii,  p.  413,  pi.  xviii,  figs.  4,  5,  6. 

240.  Populus  muiabiliSj  var.  /•  oralis,  Heer,  Lesqx.,  Tert.  Flora,  p.  177^ 

pi.  xxiv,  figs.  3,  4. 

241.  Populus  arcfica,  Heer,  Lesqx.,  Tert.  Flora,  p.  178,  pi.  xxiii,figs.  1-G. 

242.  Populus  decipienSj  Lesqx.,  Tert.  Flora,  p.  179,  pi.  xxiii,  figs.  7-11. 

243.  Populus  IfebrascenciSj  Kewby.,  Kxt.  Floras,  p.  62,  pi.  xii,  figs.  4,  5. 

244.  Pi^mlus  cuneata,  Newby.,  Ext.  Floras,  p.  64,  pi.  xiv,  figs.  1-4. 

245.  Populus  genetriXf  Newby.,  Ext.  Floras,  p.  64,  pi.  xii,  fig.  1. 

246.  Populus  acerifolia^  Newby.,  Ext.  Floras,  p.  65,  pL  xiii,  figs.  5-8. 

247.  Populus  smilaoifoliaj  Newby.,  Ext.  Floras,  p.  66j  pi.  xiv,  figs.  5-7. 

248.  Populus  cordata,  Newby.,  Ext.  Floras,  p.  60,  pi.  xiv,  fig.  0. 

249.  P(^ulus  nervosa^  Newby.,  Ext.  Floras,  p.  61,  pi.  xii,  figs.  2,  3. 

250.  Populus  nervosa^  Newby.,  var.  elongataj  Ext.  Floras,  p.  62,  pi.  xiii, 

figs.  1-4. 

251.  Populus  flabellunij  Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  18. 

PLATANE-ffi). 

PlatanuSy  Tonr. 

252.  Platanus  OuUlelmce^  Goepp.,  Lesqx.,  Tert.  Flora,  p.  183,  pi.  xxv, 

figs.  1,  2,  3. 

253.  Platanus  aceroideSy  Goepp.,  Lesqx.,  Tert.  Flora,  p.  184,  pi.  xxv,  figs. 

4,  5,  6. 

254.  Platanus  appendiculata^  Lesqx.,  Whitney's  G-eol.  of  the  Aorif.  Dep., 

p.  12,  pi.  iii,  figs.  1-6 ;  pi.  vi,  fig.  7  &. 
255  Platanus  disseeta^  Lesqx.,  Whitney's  Geol.  of  the  Aorif.  Dep.,  p.  13, 
pi.  vii,  fig.  12 ;  pi.  X,  figs.  4,  5. 

256.  Platanus  Haydenii,  Newby.,  Ext.  Floras,  p.  70,  pi.  xx,  fig.  1;  pi.  xxi. 

257.  Platanus  Raynoldsii^  Newby.,  Ext.  Floras,  p.  69,  pi.  xviii. — Lesqx., 

Tert.  Flora,  p.  186,  pi.  xxvi,  figs.  4-5 ;  pi.  xxvii,  figs.  1-3. 

258.  Platanus  rhomhoidea^  Lesqx.,  Tert.  Flora,  p.  186,  pi.  xxvi,  figs.  6,  7. 

259.  Platanus  nobiliSj  Newby.,  Ext.  Floras,  p.  67,  pi.  xvii. 

Styraeijluw. 

260.  Liquidambar  Europanim^  Al.  Br.,  Heer,  Flora  Alask.,  p.  25,  pi.  ii, 

fig.  7. 

261.  Liquidambar  Californicum^  Lesqx.,  Whitney's  Geol.  of  the  Aurif. 

Dep.,  p.  14,  pi.  7,  figs.  3,  6;  pi.  6,  fig.  7  c. 
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XJETICINJE. 
ULMAGEiB. 

TJlmus^  Linn. 

202.  Ulmus  tenuinervis,  Lesqx.,  Tert.  Flora,  p.  188,  pi.  xxvi,  figs,  1-3. 

263.  Ulmiis  plurinervia,  Ung.,  Heer,  Flora  Alask.,  p.  34,  pi.  v,  fig.  1. 

264.  Ulmus  affinis^  Lesqx.,  Whitney's  Geol.  of  the  Aarifl  Dep.,  p.  16, 

pi.  iv,  figs.  4,  6. 

265.  Ulmus  pseudofulva^  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p. 

.17,  pi.  iv,  fig.  3. 

266.  Ulmus  Californica,  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p. 

15,  pi.  iv,  figs.  1-2 ;  pi.  vi,  fig.  7  a. 

Planeraj  Gmel. 

267.  Planera  longifolia^  Lesqx.,  Tert.  Flora,  p.  189,  pi.  xxvii,  figs.  4r-6. 

268.  Planera  Ungeri,  Btt.,  Lesqx.,  Tert.  Flora,  p.  190,  pL  zxvii,  fig.  7. 
260.  Planera  microphylla^  Newby.,  Ext.  Floras,  p.  55,  pi.  xvi,  figs.  3, 4. 

270.  Planera  duhia^  Lesqx.,  Am.  Joum.  Sci.  and  Arts,  vol.  xxvii,  p.  361. 

271.  Planera  Omelini^  Michx.,  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  vol 

xxvii,  p.  365. 

Celtideje. 
CeltiSf  Toumf. 

272.  Celtis  hrevifolia^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  416, 

pi.  XX,  figs.  4,  5. 

MOEE^E. 

FictiSj  Touruf. 
§  1. — Penninerved  leaves, 

273.  FicuH  lanceolata,  Heer,  Lesqx.,  Tert.  Flora,  p.  192,  pi.  xxviii,  figs. 

1-5. 

274.  Flats  lyiix,  Uug.,  Lesqx.,  Tert.  Flora,  p.  103,  pi.  xxviii,  fig.  6. 

275.  Ficiis  multinervis^  Heer,  Lesqx.,  Tert.  Flora,  p.  104,  pi.  xxviii,  figs. 

7,  8. 

276.  Ficus  ohlanceolata^  Lesqx.,  Tert.  Flora,  p.  104,  pi.  xxviii,  figs.  9-12. 

277.  Ficus  arenacea,  Lesqx.,  Tert.  Flora,  p.  105,  pi.  xxix,  figs.  1-5. 

278.  Ficus  Ungeri^  Lesqx.,  Tert.  Flora,  p.  105,  pi.  xxx,  fig.  3. 

270.  Fiem  irregularis,  Lesqx.,  Tert.  Flora,  p.  106,  pi.  xxxiv,  figs.  4-7; 
pi.  Ixiii,  hg.  0. 

280.  Ficus  uncata,  Lesqx.,  Tert.  Flora,  p.  107,  pi.  xxxv,  figs.  1,  1  a,  2.— 

Ficus  ulmi/olia,  Lesqx.,  Ami.  Eejmrt  of  1871,  Siipplenieut,  p.  14 

281.  Ficus  llaydcniij  Lesqx.,  Tert.  Flora,  p.  107,  pi.  xxx,  fig.  1. 

282.  Ficus  ovalis,  Lesqx.,  Tert.  Flora,  p.  108,  pi.  xxx,  fig.  2. 

28.'$.  Fic2is  dalmatica,  Ett.,  Lesqx.,  Tert.  Flora,  p.  100,  pi.  Ixiii,  figs.  3-r>. 

284.  Ficus  spcctahilis,  Lesqx.,  Tert.  Flora,  p.  100,  pi.  xxxiii,  figs.  4,  o,^ 

285.  Ficus  f  Smithsouiana,  Lesqx.,  Tert.  Flora,  p.  200,  pi.  xxxii,  fig.  5. 

286.  Ficus  cuneata,  Newby.,  Boston  Journ.  of  Nat.  Hist.,  1863,  p.  19. 

287.  Fictis  f  (species),  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  vol.  xxvii,p.36L 
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§  2. — Palmately  nerved  leaves. 

288.  Ficus  occidentaliSj  Lesqx.,  Tert.  Flora,  p.  200,  pi.  xxxii,  fig.  4. — Dam- 

beyopsis  occidentaliSy  Lesqx.,  Ann.  Eeport,  1872,  p.  380. 

289.  Ficiut  planicoatata^  Lesqx.,  Tert.  Flora,  p.  201,  yl.  xxxi,  figs.  1-8, 10, 

11, 12. 

290.  Ficus  planicostata  var.  latifoliaj  Lesqx.,  Tert.  Flora,  p.  202,  pi.  xxxi, 

fig.  9. 

291.  Fictis  planicostata  var.   OoMiana^  Lesqx.,  Tert.  Flora,  p.  202,  pi. 

xxxiii,  figs.  1, 1  a,  2, 3. — Ficus  Clintonij  Lesqx.,  Ann.  Beport,  1872, 
p.  393. 

292.  Ficus  Schimperi^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  417, 

pi.  xviii,  figs.  1,  2, 3. 

293.  Ficus  sordida^  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p.  17, 

pi.  iv,  figs.  6,  7. 
294  Ficus  tilictfoliaj  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  203,  pi.  xxxii,  figs. 
1,  2,  2  a,  3 ;  pi.  Ixiii,  fig.  8;  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 
18,  pl.  4,  figs.  8,  9. 

295.  Ficus  microphylla,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

18,  pl.  iv,  figs.  10,  11. 

296.  Ficus  cinnamojnoides^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xlii,  p. 

417,  pl.  xvii,  fig.  8. 

297.  Ficus pseudo-populttSy  Lesqx.,  Tert.  Flora,  p.  204,  pl.  xxxiv,  figs.  1  a,  2. 

298.  Ficus  Wyomingianaj  Lesqx.,  Tert.  Flora,  p.  205,  pl.  xxxiv,  fig.  3. 

299.  Ficus  subtruncata^  Lesqx.,  Tert.  Flora,  p.  205,  pl.  xxx,  figs.  7-9. 

300.  Ficus  auriculata^  Lesqx.,  Tert.  Flora,  p.  206,  pi.  xxx,  figs.  4-6. 

301.  Ficus  asarifoliay  Ett.,  Lesqx.,  Tert.  Flora,  p.  207,  pl.  Ixi,  figs.  18-21. 

OLEEACE^. 

POLYGONEJE. 

Coccoloba^  Jacq. 

302.  Coccoloba  Iwvigatay  Lesqx.,  Tert.  Flora,  p.  208,  pl.  xxxv,  fig.  7. 

:Nyctiagine^. 

Pisoniay  Plum. 

303.  Pisonia  racemma^  Lesqx.,  Tert.  Flora,  p.  209,  pl.  xxxv,  fig.  4. 

Serpentabi^. 
Aristoloohiaj  Tourn. 

.304.  Aristolochiacordifolia,  Newby.,  Ext.  Floras,  p.  74,  pl.  xxv,  fig.  7. 

305.  Aristolochia  (Eningensis,  Ileer,  Lesqx.,  Geol.  of  Vermont,  p.  715,  ^g. 

134. 

306.  Aristolochia  curvata^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  135, 13G. 

307.  Aristolochia  obscura^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  137, 

138, 141. 

PROTEINE^. 

Protee^. 

Lomatiaj  R.  Br. 

308.  Lomatiaf  microphylla,  Lesqx.,  Tert.  Flora,  p.  211,  pl.  Ixv,  f.  14, 15. 
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IiA17BDI&& 

LamnUjIAxuL 


SOU.  Lauru8  iociaiU^  '^^^  '^^''^  VUm,  p.  213,  fd.  zzzvi,  f.  1,  2, 8^4|T. 
310.  Laurui  primigemOf  ^i^g«y  Lesqz.,  TmL  Flonii  p.  214,  pL  zxzfi,  llfL 

6y  6,  8« 

Sll.  Laurui  oooteoidM.  Lesqx.,  Tort  FlofOi  p.  21S|  pi.  zzzvi,  flg.  lOi 

312.  JMurua  pramtams^  Leaqz.,  Tert  Elora,  p.  215,  pL  Iziii,  llg.  C 

313.  Lawrui  UtaMmuU^  Lesqx.,  Terb  Flora,  p.  210,  pL  zxkri.  Jig.  U. 

314.  Lauru8  Brassianaj  Lesqx.,  Tert  Floray  p.  216,  pL  zzxvi,  llg.  2. 

PerMO,  Ckiert. 

315.  Per9ea  pwudo-CaroKneniis^  Leaqz.^  Whitaey'S:  OeoL  of  the  Aarill 

Dep.,  p.  19,  pL  vii,  figB.  1, 2. 

TetranthcrOf  Jack. 

316.  Tetranihera  gesriliflora^  Lesqx.,  Tert.  Fkxa,  p.  217,  pL  xzziv,  llgi. 

le^ld\  pi. XXXV, fl|pu 8, 0. 

OimioiiiONiiMi,  Barm. 

317.  <HniMm(mum  lanetdUs^m^  X^ng-t  Lesqx^  Tert  Flora,  p.  21%  pL 

xxxvi,  fig.  12. 

318.  OiimmMmum  BehmdhzeH^  Hear,  Laaqx.,  Tart  Flora,  p^  22lk|  pL 

xxxvii,  fig.  8. 

319.  Cinnamamum  polymorphuMj  Al.  Br.,  Leaqx.,  Tert  Flora,  p.  221,  pL 

xxxvii,  figs.  D,  10. 

320.  Cinnamomum  affine^  Lesqx.,  Tert.  Flora,  p.  219,  pi.  xxxTii,  figs. 

1-5,  7. 

321.  Cinnamomum  Mississippieme^  Lesqx.,  Trans.  Am.  Philos.  Soa,  voL 

xiii,  p.  418,  pi.  xix,  fig.  2. 

322.  Cinnamomum  Eeerii^  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  voL  xxvii, 

p.  361. — Newby.,  Boston  Jonrn.  Kat.  Hist.,  1863,  p.  13. 

323.  Cinnamomum  crassipeSj  Lesqx.,  Am.  Joam.  Sci.  and  Arts,  vol.  xxvii, 

p.  361. 

324.  Cinnamomum  NovceAngliWy  Lesqx.,  Geol.  of  Vermont,  p.  716,  fig.  14& 

Daphnogenej  Ung. 

325.  Daphnogene  anglica  f ,  Heer,  Lesqx.,  Tert  Flora,  p.  222,  pi.  xxxvii, 

fig.  9. 

GAMOPETAL^. 

LONIGEBEiB. 

Viburnum^  Linn. 

326.  Viburnum  marginatum^  Lesqx.,  Tert  Flora,  p.  223,  pi.  xxxvii,  fig- 

11 5  pi.  xxxviii,  figs.  1-5. 

327.  Viburnum  platanoidesj  Lesqx.,  Tert.  Flora,  p.  224,  pi.  xxxviii,  f.  8, 9. 

328.  Viburnum  rotundifoliumj  Lesqx.,  Tert.  Flora,  p.  225,  pi.  xxxvii,  flg* 

12;  pi.  xxxviii,  fig.  10;  pi.  Ixi,  fig.  22. 

329.  Viburnum  dicJiotomum,  Lesqx.,  Tert.  Flora,  p.  225,  pi.  xxxviii,  flg.& 


LEflQiTEREux.1  TEBTIAEY  PLANTS — ^ASCLEPIADIMEJE.  511 

330.  Viburnum  Whymperi  f ,  Heer,  Lesqz.y  Tert.  Flora,  p.  225,  pi.  xxxviii, 

fig.  7  5  pi.  Ixi,  fig.  23. 

331.  Viburnum  LaJcmi^  Lesqx.,  Tert.  Flora,  p.  226,  pL  xxxvii,  fig.  13. 

332.  Vy>umum  anoeps^  Lesqx.,  Tert.  Flora,  p.  227,  pi.  xxxviil,  fig.  11. 

333.  Viburnum  asperum^  Newby.,  Ext.  Floras,  p.  54,  pi.  xvi,  fig.  8. 

334.  Viburnum  lanceolatum^  Newby.,  Ext.  Floras,  p.  54,  pi.  xvi,  fig.  9. 

335.  Viburnum  Hordenskioldi^  Heer,  Flora  Alask.,  p.  36,  pi.  iii,  fig.  13. 

336.  Viburnum  Qoldianumy  Lidsqx.,  Tert.  Flora,  p.  227,  pi.  Ix,  figs.  2-2  o. 

337.  Viburnum  solitarium^  Lesqx.,  Tert.  Flora,  p.  227,  pi.  Ix,  fig.  3. 

Thymelage^. 

El(mgnu8j  Lion. 

338.  Elccagnus  incequalia^  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pi.  K,  fig.  7. 

ASCLEPIADINE^. 

Oleace^. 

Fraxinus,  Toam. 

339.  Fraxinus  dentioulata^  ^^£?  I^'SQ^m  Tert.  Flora,  p.  228,  pi.  xl,  f.  1, 2. 

340.  Fraxinm  prcedicta^  Heer,  Tert.  Flora,  p.  229,  pi.  xl,  fig.  3. 

341.  Fraxinus  Eocenicaj  Lesqx.,  Tert.  Flora,  p.  229. 
841  a.  F.  Broumelliij  Lesqx.,  Tert  Flora,  p.  230. 

DIOSPTEmEiE. 
Ebenaceje. 

l>io8pyro8j  Linn. 

342.  Diospyros  ^nei/bZia,  Lesqx.,  Am.  Jonrn.  Sci.  and  Arts,  vol.  xxvii,  p. 

361. — Heer,  Foss.  Plants  of  Vancouver,  p.  8,  pi.  1,  figs.  10-12;  pK 
2,  figs.  1,  2,  3. 

343.  Diospyros  stenosepala^  Heer,  Flora  Alask.,  p.  35,  pi.  viii,  figs.  7,  8. 

344.  Diospyros  ficoideaj  Lesqx.,  Tert.  Flora,  p.  231,  pi.  xl,  figs.  5,  6. 

345.  Diospyros  brachysepalaj  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  232,  pi.  xl, 

figs.  7-10;  pi.  Ixiii,  fig.  6. 

346.  Diospyros  Copeana^  Lesqx.,  Tert.  Flora,  p.  232,  pi.  xl,  fig.  11. 

347.  Diospyros  Wodanij  Ung.,  Tert.  Flora,  p.  233,  pi.  lix,  fig.  13. — Caly 

cites  hexaphyllay  Lesqx.,  Ann.  Beport,  1872,  p.  402. 

SapotfuAtes^  Ett. 

348.  Sapotadtes  AmcricanuSy  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pi.  K,  fig.  8. 

ERICINE^. 

Eeioace-^. 
Androm^dtty  Linn. 

349.  Andromeda  Orayana,  Heer,  Foss.  Plants  of  Vancouver,  p.  7,  pi.  1, 

figs.  7-9. — Lesqx.,  Tert.  Flora,  p.  234,  pi.  xl,  fig.  4. 

350.  Andromeda  reticulata  f,  Lesqx.,  Ann.  Report,  1871,  p.  298. 

351.  Andromeda  dubiu,  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pi.  K,  fig.  5. 

352.  Andromeda  vaccinifoUce  ajffinis,  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pi.  K^ 

fig.  4,  a,  b. 
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Vacciniumy  Bupp. 

353.  Vaccinium  Friesii^  Heer,  Flora  Alask.,  p.  35,  pi.  viii,  fig.  4. 

354.  Vaccinium  reticulatumfj  Al.  Br.,  Leaqx.,  Tert.  Flora,  p.  235,  pi.  lix, 

lig.  6. 

POLYPETAL^. 

UMBELLIFLOR-ffi. 

Araliacece. 
Araliu,  Tonrn. 

355.  Aralia  gracilis,  Lesqx.,  Tert.  Flora,  p.  236,  pi.  xxxix,  fig.  1. — Ligui- 

dumbar  gracile,  Lesqx.,  Aunaal  Report,  1871,  p.  287. 

356.  Aralia  angmtilobaj  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

22,  pi.  5,  tigs.  4,  5. 

357.  Aralia  Whitneyiy  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  20, 

pi.  V,  ti^.  1. 

358.  Aralia  Zaddachif,  fleer,  Lesqx.  in  Whitney's  Geol.  of  the  Aurif. 

Dep.,  p.  21,  pi.  V,  figs.  2,  3. 

359.  Aralia  triloba^  Newby.,  Ext.  Floras,  p.  68,  pi.  xxv,  figs.  4,  5. 

360.  Aralia  notata,  Lesqx.,  Tert.  Flora,  p.  237,  pi.  xxxix,  figs.  2-4. — Pla- 

tanus  dubittj  Lesqx.,  Annual  Eeport,  1873,  p.  406. 

Hederaj  Linn. 

361.  Iledera  auriculata^  Heer,  Flora  Alask.,  p.  36,  pi.  ix,  fig.  6. 

Ampelideje. 
Cissns,  D.  C. 


)2.  Cissits  hvvigata^  Les(ix.,  Tert.  Flora,  p.  238,  pi.  xl,  figs.  12,  13. 
33.  Clssus  rarrotiafoUa,  Lesqx.,  Tert.  Flora,  p.  239,  pi.  xl,  figs.  15-17; 
"i,  fij--.  1. 

bato  crenata^  Lesqx.,  Tert.  Flora,  p.  240,  pi.  xli,  figs.  1-3. 

ieuspidata^  Heer,  Lesqx.,  Tert.  Flora,  p.  240,  pi.  xli,  f.  4-7. 

VUis^  Linn. 


3( 
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pi.  xlii,  fij^".  1. 
3G4.  Cissus  lobato 
305.  Clssus  trie 


366.  Vitis  crenata,  Ileer,  Flora  Alask.,  p.  36,  pi.  viii,  fig.  6. 

367.  Vitis  Olriki^  Ileer,  Lesqx.,  Tert.  Flora,  p.  241,  pi.  xli,  fig.  8. 

368.  Vitis  S2)arsaj  Lesqx.,  Tert.  Flora,  p.  241,  pi.  Ix,  fig.  24. 

A  mpelops  iSj  M  i eh  x. 

369.  Ampelopsis  tertiaria^  Lesqx.,  Tert.  Flora,  p.  242,  pi.  xliii,  fig.  1. 

Cornus^  Tourn. 

370.  Cornus  svborbifera,  Lesqx.,  Tert.  Flora,  p.  243,  pi.  xlii,  fijnr.  2.— f<M^- 

nns  obi/cra,  (Eleer)  Lesqx.,  Annual  Keport,  1873,  p.  402. 

371.  Cornus  ovalis,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  23, 

1)1.  6,  tigs.  1,  2. 
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372.  Camus  Kelloggiij  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  23, 

pi.  6,  fig.  3. 

373.  Comus  impressaj  Lesqx.^  Tert.  Flora,  p.  243,  pi.  xlii,  fig.  3. 

374.  Comus  Studerif,  Heer,  Lesqz.,  Tert.  FJora,  p.  244,  pi.  xlii,  figs.  4,  5. 

375.  Comus  rhamnifolia^  O.  Web.,  Lesqx.,  Tert.  Flora,  p.  244,  pi.  xlii, 

fig.  6. 

376.  Comus  acumiiiata^  Newby.,  Ext.  Floras,  p.  71,  pi.  xx,  figs.  2,  3,  4. 

Nysse^. 
Nyssttj  Linn. 

377.  Nyssa  lanceolata^  Lesqx.,  Tert.  Flora,  p.  245,  pi.  xxxv,  figs.  6,  6. 

378.  Nyssa  complanata^  Lesqx.,  GeoL  of  Vermont,  p.  717,  fig.  153. 

379.  Nyssa  microcarpaj  Lesqx.,  Geol.  of  Vermont,  p.  717,  fig.  154. 

380.  Nyssa  Iwmgata^  Lesqx.,  Geol.  of  Vermont,  p.  717,  fig.  151. 

COR^"ICULACE^. 
Saxifeage-;e. 

Callicomaj  Andrews. 

381.  Callicoma  microphylla^  £tt.,  Lesqx.,  Tert.  Flora,  p.  24G,  pi.  xliii,  figs. 

2-4. — Rhtisf  l}rym€jaj  Lesqx.,  Ann.  Eei>ort,  1873,  p.  416. 

POLYCARPlCJi:. 
Magnoliace^. 
Magnolia  J  Linn. 

382.  Magnolia  Lesleyana^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p. 

421 ;  pi.  xxi,  figs.  1,  2 ;  Tert.  Flora,  p.  248,  pi.  xliv,  figs.  1-3. 

383.  Magnolia  Hilgardiana^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p. 

421,  pi.  XX,  fig.  1 ;  Tert.  Flora,  p.  249,  pi.  xliv,  fig.  4. 

384.  Magnolia  Californica^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

25,  pi.  6,  figs.  5,  7. 

385.  Magnolia  lanceolata,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

24,  pi.  6,  fig.  4. 

386.  Magnolia  laurifolia,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p. 

421,  pi.  XX,  figs.  2,  3. 

387.  Magnolia  cor^//b/m,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  j). 

422,  j)l.  xvii,  tigs.  1,  2. 

.388.  Magnolin  oralis,  Lesqx.,  Trans.  Am.  Pliilos.  Soc,  vol.  xiii,  p.  422, 

pi.  xxi,  figs.  3,  4. 
^389.  Magnolia  tenuinervis,  Lesqx.,  Tert.  Flora,  p.  240,  pi.  xliv,  figs.  5,  G : 

pi.   xlv,   figs.   1-5. — Magnolia    IngUjieUU,   (Ileer)   Lejsqx.,   Ann. 

Report  of  1872,  p.  396. 
5390.  Magnolia  attenunfa,  Web.,  Tert.  Flora,  p.  250,  pi.  xlv,  fig.  6. — Termi- 

nalia  BadobojensiSy  (Ung.)  Lesqx.,  Supplement  to  Ann.  Ileport, 

1871,  p.  15. 
391.  Magnolia  fruit,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  25,  pi.  6,  f.  6, 


oo    ^ 
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AMOVACKMm 

^fMilMi,  Adana. 

302.  Asimina  JBoemteaj  Lesqx^  Tert  Florm,  tl  ^B^  p1*  xlHi,  flgs.  S,  & 
d03.  J^mtjia  JMoMipo,  Lesqz.,  Trana  Am.  Philos.  Soo^  vol.  xtti,  p.  4S2f 
pL  xvj  fig.  8. 

NTHPH£1NK£. 

l^ELUXBOILS. 

Nelumbiwmj  linn. 

304.  JV^ZiisiiMiifii  Laheriij  Lesqz.,  Tert.  Elora,  p.  2S3,  pL  xlvi^  flga.  1,  S. 
395.  Xelumbimn  tenuifoUum^  Lesqz.,  Tert.  Flora,  p.  2S3,  pL  zlvi|  ilg.  S. 


Linn. 

396.  Illicium  lignitum,  Leeqx.,  OeoL  of  Yermonty  p.  716,  fig.  149. 

MALVOIDRS. 

BUTTNBBIAOBJSI. 

DamhetfcpHSf  Ung.  (emend.). 

397.  Domheyopiis  platanaideSj  Le8qz.,Tert  Flora,  p.  254,  pL  zlvii,  f.  1,2. 
308.  Dombeyopsis  trivialiSj  Lesqx.,  Tert.  Flora,  p.  255,  pi.  xlvii,  fig.  3. 

399.  Domheyopsis  ohttisa^  Lesqx.,  Tert.  Flora,  p.  255,  pi.  xlvii,  figs.  4,  5. 

400.  Dombeyoptds  grandifoliaj  Uog.,  Lesqx.,  Tert  Flora,  p.  255,  pL  xlvii, 

lig.  0. 

TUAACEJE. 

Tilia^  Linn. 

401.  THia  alaskana^  Heer,  Flora  Alask.,  p.  36,  pi.  x,  figs.  2,  3. 

402.  Tilia  antiqua^  Newbj.,  Ext.  Floras,  p.  52,  pi.  xvi,  figs.  1,  2. 

OrewiopsiSj  Sap. 

403.  Qremopm  Saportana,  Lesqx.,  Tert.  Flora,  p.  257,  pi.  1,  figs.  10-12.— 

Alcurites  Eooenica^  Lesqx.,  Anu.  Reiwrt,  1872,  p.  397. 

404.  Orewiapsis  tenuifolia^  Lesqx.,  Tert.  Flora,  p.  258,  pi.  xl,  fig.  14. 

405.  Grewiapsis  Cleburnij  Lesqx.,  Tert.  Flora,  p.  259,  pi.  Ixii,  fig.  12. 

ApeihopsiSj  Heer. 

406.  ApeibopsU  f  dkcolor^  Lesqx.,  Tert.  Flora,  p.  259,  pi.  xlvi,  figs.  4-7. 

407.  Apcibopsis  Heeriij  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  131, 132, 

133. 

408.  Apeibopsis  Gaudinij  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  139,  \^ 
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AGBBINE^. 

AOEBAOEwS:. 

Acer,  Linn. 

409.  Acer  trilobatum  var.  productuniy  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  261, 

pi.  xlviii,  figs.  2,  3  a. 

410.  Acer  trilobatum  f ,  Al.  Br.,  Lesqx.,  Am.  Joam.  Sci.  and  Arts,  vol. ' 

xxvii,  p.  361. 

411.  Acer  (Bquidentaium,  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p. 

26,  pi.  7,  figs.  4,  6  5  Tert.  Flora,  p.  262,  pi.  xlviii,  figs.  1-3. 

412.  Acer  Bolan^i^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  27, 

pi.  7,  figs.  7, 11. 

413.  Acer  macropterum^  Heer,  Flora  Alask.,  p.  37,  pi.  ix,  figs.  7-9. 

Neffundo^  Moench. 

414.  JS'egundo  triloba^  Newby.,  Ext.  Floras,  p.  67,  pi.  xxiii,  fig.  5. 

HYPPOCASTANEiB. 

MaculuSj  Linn. 

415.  JEsculua  aniiquvs^  Daws.,  B.N.  Am.  Boundary  Commission  Report, 

p.  330. 

Sapindaoejb. 

SapinduSy  Linn. 

416.  Sapindus  stellaricefoliuSy  Lesqx.,  Tert.  Flora,  p.  264,  pi.  xlix,  fig.  1. — 

Sapindtis  angnsiifolitis,  Lesqx.,  Annual  Beport,  1873,  p.  415. 

417.  Sapindus  angustifolius^  Lesqx.,  Tert.  Flora,  p.  265,  pi.  xlix,  figs. 

2-7. 

418.  Sapindus  coriacetis^  Lesqx.,  Tert.  Flora,  p.  265,  pi.  xlix,  figs.  12-14. 

419.  Sapindus  Dentoni^  Lesqx.,  Tert.  Flora,  p.  265,  pi.  Ixiv,  figs.  2-4. 

420.  Sapindus  caudatus^  Lesqx.,  Tert.  Flora,  p.  264,  pi.  xlviii,  fig.  6. 

421.  Sapindus  affiniSj  Newby.,  Ext.  Floras,  p.  51,  pi.  xxiv,  fig.  1. 

422.  Sapindus  undulatuSj  Al.  Br.,  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol. 

xiii,  p.  420,  pi.  xxii,  fig.  6. 

423.  Sapindus  obtusifolius^  Lesqx.,  Tert.  Flora,  p.  266,  pi.  xlix,  figs.  8-11. 
.    424.  Sapindus  membranaceus,  Newby.,  Ext.  Floras,  p.  52,  pi,  xxiv,  f.  2,  3. 

425.  Sapindus  Americanus^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  142, 
143,  144,  145. 

BlGNONIACE^E. 

Catalpa^  Scop. 
42G.  Gatalpa  crassifolia^  Newby.,  Ext.  Floras,  p.  50,  pi.  xxii,  fig.  1. 

FRANGULACE^. 

Staphyleace^. 

Stapkylea^  Linn. 
427.  Stapliylea  acuminata^  Lesqx.,  Tert.  Flora,  p.  207,  pi.  xlviii,  figs,  4^5* 
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Obuueitbbjb. 
CeUutru$jlian. 
428.  Cdastrui  borepXis^  Heer,  Flora  AlaBk.,  p.  ST,  pL  x,  fig.  4^ 

OdaaMnUeSt  Sip. 

'429.  CdasMnitea  artocarpidiaidea^  Leaqz.,  Tert  Flora,  p.  288,  pL  xxsv, 
fig.  3. — Artoearpidium  olmedk^UuMj  0ng.|  Leaqx.!  Ann.  B^ 
of  1873,  p.  400. 

430.  CelaatriniteB  taviffatHS^  Lesax.,  Tert.  Flora,  p.  209,  pi.  xvU,  llgB.  18| 
16  a. — Mjprioa  ambigua^  Lesqx.,  Ann.  Bep.|  1871,  p.  287. 

,  Linn. 


431.  Prinos  iniegrifolia^  Ell.,  Lesqx.,  Am.  Joorn.  Soi.  and  Arte,  voL  xzvii, 

p.  366. 

Iletr,  Linn. 

432.  Ihx  inHgnU^  Heer,  Flora  Alask.,  p.  37,  pi.  x,  fig.  1. 

433.  Ilex  prunifoliaf  Lesqx.,  Whitney's  Gtool.  of  the  Aorif.  Dep.,  p.  27, 

pi.  9,  fig.  7. 

434.  Ilex  Wyamingiana^  Lesqx.,  Tert  Flora,  p.  270,  pL  1,  fig.  1. 

435.  Ilex  affinia,  Leisq^.,  Tert.  Flora,  p.  270,  pi.  1,  figs.  2-3. 

436.  Ilex  stiMenticulatat  Lesqx.,  Tert  Floiu,  p.  271,  pi.  1,  figs.  5, 6, 6  a, 

6  b. 

437.  Ilex  diasimilis,  Lesqx.,  Tert  Flora,  p.  271,  pi.  1,  figs.  7-9. — Querem 

IlicaideSj  (Heer)  Lesqx.,  Add.  Bep.,  1871,  p.  291. 

Bhamneje. 
PaliuruHj  Toofd. 

438.  Paliurus  cohmhi,  Heer,  Les^x.^Tert.  Flora,  p.  273,  pi.  1,  figs.  13-17. 

439.  Paliurus  FloruHanti^  Le^qx.,  Tert.  Flora,  p.  274,  pi.  1,  fig.  18. 

440.  Paliurus  zizyplioides,  Lesqx.,  Tert.  Flora,  p.  274,  pi.  li,  figs.  1-6. 

Zizyphus,  Mill. 

441.  Ziztjphus  distorttis,  Lesqx.,  Tort.  Flora,  p.  275,  pi.  li,  figs.  7-9. 

442.  Zizyphtts  Meekiij  Lesqx.,  Tert.  Flora,  p.  275,  pi.  li,  figs.  10-14. 

443.  Zizyphm  hyperboretis,  Heer,  Lesqx., Tert.  Flora,  p.  276,  pi.  li,  fig.  15. 

444.  Zizyphus  cinnanwmoides,  Lesqx.,  Tert.  Flora,  p.  277,  pi.  Hi,  figs.  7.8. 

445.  Zizyphus  Jibrillosus^  Lesqx.,  Tert.  Flora,  p.  276,  pi.  Hi,  figs.  1-6.— 

Ceanothus  fibrillosus^  Lesqx.,  Aimual  Report,  1872,  p.  3S1. 

446.  Zizyphus  piperoides,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

28,  pi.  8,  li^8.  10,  11. 

447.  Zizyphus  microphyllus^  Lesqx.,  Whitney's  Geol.  of  the  Aorif.  Dem 

p.  28,  pi.  8,  fig.  9. 

Ceanothus,  Linn. 

448.  Ceanothus  Ameri<:anus  f ,  Linn.,  Lesqx.,  Am.  Journ.  Sci.  aDd  Arts, 

vol.  xxvii,  p.  365. 

449.  Ceanothus  Meigsii^  Lesqx.,  Traos.  Am.  Philos.  Soc,  vol.  xiu,  p.  419| 

pi.  XX,  figs.  5)  6^  7. 
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BerchemMj  Neck. 

450.  Berckemta  multlncrvis^  Al.  Br.,  Tert.  Flora,  p.  277,  pi.  lii,  figs.  9, 10. 

RhamnuSi  Linn. 

451.  Rhamnus  alafem&i^es^  Heer,  Tert.  Flora,  p.  278,  pi.  lii,  figs.  11, 11  a. 

452.  Rhamnus  rectinerviSj  Heer,  Tert.  Flora,  p.  279,  pi.  lii,  figs.  12-15. 

453.  Rhamntis  inoequaliSj  Lesqz.,  Tert.  Flora,  p.  279,  pi.  lii,  fig.  16. 

454.  Rhamnus  discolor^  Lesqx.,  Tert.  Flora,  p.  280,  pi.  lii,  fig.  17. 

455.  Rhamnus  Cleburnij  Lesqx.,  Tert.  Flora,  p.  280,  pi.  liii,  figs.  1-3. 

456.  Rhamnus  Ooldianus^  Lesqx.,  Tert.  Flora,  p.  281,  pi.  liii,  figs.  4-8. 

457.  Rhamnus  obovatus,  Lesqx.,  Tert.  Flora,  p.  281,  pi.  liv,  figs.  1,  2. 

458.  Rhamnus  intermediums^  Lesqx.,  Tert.  Flora,  p.  282,  pi.  liv,  fig.  3. 

459.  Rhamnus  salicifolius^  Lesqx.,  Tert.  Flora,  p.  282,  pi.  liii,  figs.  9, 10. 

460.  Rhamnus  Rossmassleri^  Ung.,  Lesqx.,  Tert.  Flora,  p.  283,  pi.  liv, 

fig.  4. 

461.  Rhamnus  marginatus^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p. 

420,  pi.  xxii,  figs.  3,  4,  5. 

462.  Rhamnus  Oaudini  f ,  Heer,  Newby.,  Boston  Joam.  Nat.  Hist.|  1863, 

p.  15. 

463.  Rhamnus  elegaiis^  Newby.,  Ext.  Floras,  p.  49. 

464.  Rhamnites  coneinnus^  Newby.,  Ext.  Floras,  p.  50,  pi.  xvi,  fig.  7. 

TEREBINTniNE^. 

JUGLANDEiE. 

Juglans,  Linn. 

405.  Juglans  rhamnaideSj  Lesqx.,  Tert.  Flora,  p.  284,  pi.  liv,  figs.  6-9. 

466.  Juglans  Leconteana^  Lesqx.,  Tert.  Flora,  p.  285,  pi.  liv,  figs.  10-13. 

467.  Juglans  rugosa^  Lesqx.,  Tert  Flora,  p.  286,  pi.  liv,  figs.  5,  14 ;  pi.  Iv, 

figs.  1-9;  pi.  Ivi,  figs.  1, 2. — Juglans  acuminata  f,  (Al.Br.)  Lesqx., 
Annual  Report,  1871,  p.  288. 
467  a.  Juglans  acuminataj  Al.  Br.,  Heer,  Flora  Alask.,  p.  38,  pi.  ix,  fig.  1. 

468.  Juglans  thermalis^  Lesqx.,  Tert.  Flora,  p.  287,  pi.  Ivi,  figs.  3,  4. 

469.  Juglans  Schimperi^  Lesqx.,  Tert.  Flora,  p.  287,  pi.  Ivi,  figs.  5-10. 

470.  Juglans  alkalina^  Lesqx.,  Tert.  Flora,  p.  288,  pl.  Ixii,  figs.  6-9. 

471.  Juglans  Galifornica^  Le8(|x.,  Whitney's  GeoL  of  the  Aurif.  Dep.,  p. 

34,  pl.  9,  fig.  14,  pl.  10,  figs.  2,  3. 

472.  Juglans  Oregoniana^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

35,  pl.  9,  fig.  10. 

473.  Jvglans  laurinea^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  35, 

pl.  9,  fig.  11. 

474.  Juglans  apprcsHa^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  420, 

pl.  XX,  tig.  6. 

475.  Juglans  Woodiana^  Heer,  Foss.  Plants  of  Vancouver,  p.  9,  pl.  2, 

ligs.  4-7. 
47G.  Juglans  egregia,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  36, 
pl.  9,  fig.  12,  ])1.  10,  fig.  1. 

477.  Juglans  {Carya)  picroides,  Heer,  Flora  Alask.,  p.  39,  pl.  ix,  fig.  5. 

478.  Juglans  nigella.  Deer,  Flora  Alask.,  j).  38,  pl.  ix,  figs.  2-4. 

479.  Juglans  ^a^Tordiana^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p. 

421,  pl.  XX,  fig.  7. 

480.  Juglans  denticulata^  TTecr,  Lesqx.,  Tert.  Flora,  p.  289,  pl.  Iviii,  fig.  1, 
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481.  Carya  antiquarum^  Newby^  Ext  Floras,  p.  72,  pi.  zxiil,  fljES. 

Lesqz.,  Tert  Flora,  p.  28»,  pi.  Ivii,  figs.  1-5 ;  pL  Iviii,  fig.  2. 

482.  Carya  verrucosa^  Lesqz.,  Geol.  of  Yermont,  p.  714,  fig.  129. 

483.  Carya  Vermantanaj  Leaqx.«  Gtool.  of  Yermont,  p.  714,  fig.  ISO. 

484.  Carya  olivaformu^  Nott,  Lesqz.,  Am.  Joom.  8oL  and  Arts,  toL 

zzvii,  p.  365. 

Plerocarya^  D.  0. 

485.  Pterocarya  Americana^  Leaqz.,  Tert  Flora,  p.  290,  pL  Iviii,  fig.  & 

Anaoabdiaobjb. 

BhuSf  Linn. 

486.  BhuM  EvanHi^  Lesqz., Tert  Flora^  p- 291,  pi.  l,ftg.  4;  pLlviii,  figs.  5-9. 

487.  Bhua  membranacea^  Lesqz.,  Tert  Flora,  p.  292,  pL  Iziv,  ftga.  6, 7. 

488.  BhuM  paeudomerianii  Lesqz.,  Tert  Flora,  p.  293,  pi.  Iviii,  fig.  IL 

489.  Bhu8  romfolia^  Lasqz.,  Tert  Flora,  p.  293,  pi.  zlU,  flgs.  7-0.—  If  eia- 

mannia  rostifoUa^  Lesqz.,  Ann.  Beport,  1873,  p.  416. 

490.  Bhu8  Haydenii^  Lesqz.,  Tert  Flora,  p.  294,  pL  Iviii,  fig.  12. 

491.  BkuB  metopioidesj  Lesqz.,  Whitney's  GeoL  of  the  Anrif.  Dep.,p.  31, 

pl.  8,  figs.  12, 13. 

492.  Bhu8  nervosa^  iMewby.,  Ezt  Floras,  p.  63,  pL  zvi,  flgsu  5,  6. 

^3.  Bkus  myricatfoUaj  Lesqz.,  Whitney's  Geol.  of  the  Aarit  Dep.,  p.  31, 

pL  1,  figs.  5-8. 
494.  Bhu8  diaperaa^  Lesqz.,  Whitney's  GeoL  of  the  Aorifl  Dep.,  p.  32, 

pl.  1,  fig.  23. 
40S.  BhuM  mixtaj  Lesqz.,  Whitney's  Geol.  of  the  AnriC  Dep.,  p.  Stk  pi.  9, 

fig.  13. 

496.  Bhu8  Baweniana,  Lesqz.,  Whitney's  GeoL  of  the  Anrit  Dep.,  p.  29, 

pl.  9,  figs.  8,  9. 

497.  Bhu8  typkinoidesy  Lesqz.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p.  29, 

pl.  9,  figs.  1-6. 

Zanthoxyle^. 

Zanthoxylon^  Linn. 

498.  Zanthoxylon  jugUmdinumf^  Al.  Br.,  Lesqz.,  Tert.  Flora,  p.  294,  pl. 

Iviii,  fig.  10. 
490.  ZanthoxyU>n  diversifolium^  Lesqz.,  Whitney's  Geol.  of  the  Anrifl 
Dep.,  p.  33,  pl.  8,  figs.  14, 15. 

CALYCIFLORJB. 
Halobage^. 

Trapa^  Linn. 

500.  Trapat  microphylla^  Lesqx.,  Tert.  Flora,  p.  295,  pl.  Ixi,  figs.  16-17 fl. 
601.  Trapa  horealw^  Heer,  Flora  Alask.,  p.  38,  pL  viii,  figs.  9-14. — Daw; 
son,  Am.  Boundary  Commission  Beport,  p.  330. 

MYRTIFLORJB. 

Mybtaoe^. 

Eucalyptus^  L'Herit 

502.  Eucalyptus  Hccringiana  f ,  Ett.,  Lesqx.,  Tert.  Flora,  p.  296,  pl.  lix, 

fig.  10. 

503.  Eucahfpiust  Ainerica'ita)lA^x«^Tert.Flora,p.296,pl.liz,  fig8.11,l3. 
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ROSIFLOILE. 

Pomaces. 
PrunuSj  Linn. 

504.  Prunus  Caroliniana^  Michx.,  Lesqx.,  Geol.  of  Tenn..  p.  427,  pi.  K, 

fig.  0. 

Amelanchier^  Med. 

505.  Amelanchier  similis^  Newby.,  Ext.  Floras,  p.  48,  pi.  xxv,  fig.  6. 

CratceguSy  Linn. 

506.  Crataegus  t  wquidentata,  Lesqx.,  Tert.  Flora,  p.  297,  pi.  1  viii,  figs.  4, 4  a. 

EOSAOEiE. 

Spiraea^  Linn. 

507.  Spircea  Andersonij  Heer,  Flora  Alask.,  p.  39,  pi.  viii,  fig.  3. 

CercocarpuSy  H.  B.  K. 

508.  Cercocarpus  antiquu8y  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep., 

p.  37,  pi.  10,  figs.  6-lL 

Leguminob^. 
Podogonium^  Heer. 

509.  Podogonium  Amertcanum^  Lesqx.,  Tert.  Flora,  p.  298,  pi.  lix,  fig.  5; 

pi.  Ixiii,  fig.  2;  pi.  Ixv,  fig.  6. — Podogonium  (species),  Lesqx.,  xVnu. 
Eeport,  1873,  p.  417. 

Cassia^  Linn. 

510.  Cassia  concinna  f ,  Heer,  Lesqx.,  Tert.  Flora,  p.  299,  pi.  lix,  figs. 

8,  8  a  (enlarged). 

Leguminosites,  Brgt. 

511.  Leguminosites  cassioides^  Lesqx.,  Tert.  Flora,  p.  300,  pi.  lix,  f.  1-4. 

512.  Leguminosites  t  amchioidesy  Lesqx.,  Tert.  Flora,  p.  301,  pi.  lix,  figs. 

13,14. — Carpolithes  ara^ihioides^  Lesqx.,  Ann.  Report,  1872, p.  403. 

513.  Leguminosites  pisifonniSy  Heer,  Lesqx.,  Geol.  of  Vermont,  p.  710,  fig. 

152. 

514.  Leguminosites  sp.  (?),  Heer,  Foss.  Plants  of  Vancouver,  p.  10,  pi.  2, 

fig.  8. 

Gleditsia^  Linn. 

4 

515.  Oleditsia  triacanthos,  Linn.,  Lesqx.,  Am.  Jonrn.  Sci.  and  Arts,  vol. 

xxvii,  p.  365. 

MiMOSJE. 

Acacia^  Xeck. 

51G.  Acacia  scptentrionalis^  Lesqx.,  Tert.  Flora,  p.  299,  pi.  lix,  figs.  9,  9(» 
(enlarged). 

Mimosiics,  Ett. 

517.  Miwosites  UnearifoUus^  Lesqx.,  Tert.  Flora,  p.  300,  pi.  lix,  fig.  7. 
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Pif« jfai,  Bt  , 

518.  PhylUieB  tapimdifarmis^  Lem[x.|  Teit.  Flora,  p.  301,  pi.  xxix,  figs.  0, 7. 
510.  PhyUUeB  mahaniaformis^  ueer,  FoM.  Plants  of  YaDGoaver,  p.  iQ^ 

pi.  2.  fig.  0. 
620.  PhyllUei  earneasui^  Newby.,  Ext.  Floras,  p.  75,  pL  xxvi,  flgB.  1-4. 

521.  PkyUites  Cupaniaide$i  Newby.,  Bxt.  Floras,  p.  74,  pi.  xx,  fig.  5. 

522.  Phylliies  venosus^  Newby.,  Ext  Floras,  p.  76,  {d.  xxvi,  ftg.  4. 

523.  Phyllitm  tnmetUus^  Lesqx.,  Trans.  Am.  PhDos.  Boa,  rtiL  xiii,  p.  428^ 

pi.  xvii,  fig.  0. 

Carpiteif  Schp. 

524.  CarpUes  Uneatua  f ,  Kewby.,  Lesqx.,  Tert.  Flora,  p.  SOS,  pi.  Ix,  llga. 

1-1  d. 
526.  CarpUa  avifarmis,  Lesqx.,  Tert  Flora,  p.  302,  pL  xxx,  flg;  6  a. 
526.  Carpites  trianguloiUBf  Lesqx.,  Tert  Flora,  p.  302,  pi.  Ix,  fig.  4,  pL  fadi, 

figs.  10, 20. 

627.  Carpiies  cosiatu8^  Lesqx.,  Tert  Flora,  p.  303,  pL  Ix,  fig.  S. 

628.  Oarpites  oojfe«^onait,  L^x.,  Tert.  Flora,  p.  80S,  id.  Ix,  flgs.  0, 7. 
520.  CarpU^  myricaruwi,  Lesqx.,  Tert.  Flora,  p.  303,  pL  Ix,  figs.  8-lL 
530.  Carpitea  roiteUaiusj  Leaqx.,  Tert  Flora,  p.  303,  pL  Ix,  fljp.  18,  U. 
581.  Oarpites  glumiBfbrmiSj  Lesqx., Tert  Fkm,  p. 90^  pi.  xxjcv,  ^44; 

pl.  Ix,  figs.  14-17. 

532.  Carpiies  mi^ahu^  Lesqx.,  Tert  Flora,  p.  304,  pL  Ix,  figs.  18-10. 

533.  Carpiies  laurineus^  Lesqx.,  Tert  Flora,  p.  804.  pi.  Ix,  figs.  20, 2L 
634.  Carpiies  Uiahensis^  Lesqx.,  Tert  Flora,  p.  306,  pL  Ix,  fig.  28. 
536.  Carpiies  verrucosus^  Lesqx.,  Tert  Flora,  p.  305,  pL'lx,  fig.  23. 

536.  Carpiies  winutulus^  Lesqx.,  Tert. Flora,  p.  300,  pl.  Ix,  fig.  26. 

537.  Carpiies  Vihumi^  Lesqx.,  Tert.  Flora,  p.  306,  pl.  Ix,  figs.  26,  26  a. 
638.  Carpiies  spiralis^  Lesqx.,  Tert.  Florft.  p.  306,  pl.  Ix,  fig.  27. 

539.  Carpiies  rhomhoidaliSj  Lesqx.,  Tert  Flora,  p.  306,  pl.  Ix,  figs.  28, 29. 

540.  Carpiies  hurswformis^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  146, 

147  ;  Tert.  Flora,  p.  306,  pl.  Ix,  fig.  30. 

541.  Carpiies  Pealeij  Lesqx.,  Tert.  Flora,  p.  30G,  pl.  Ix,  fig.  31. 

542.  Carpiies  cocculoides  f ,  Heer,  Lesqx.,  Tert.  Flora,  p.  307,  pl.  Ix,  figs. 

32-35. 

543.  Carpiies  ligaius^  Lesqx.,  Tort.  Flora,  p.  307.  pl.  Ix,  figs.  36,  36  a. 

544.  Carpiies  valvaiuSj  Lesqx.,  Tert.  Flora,  p.  307,  pl.  Ix,  fig.  37. 

545.  Carpiies  Brandonianus,  Lesqx.,  Geol.  of  Vermont,  p.  713;  var.  a, 

elongaiuSy  figs.  111-113;  var.  fi.  obtusus^  figs.  114-117. 

546.  Carpiies  irregularis^  Lesqx.,  Geol.  of  Vermont,  p.  714,  figs.  120, 121, 

123,  125,  128. 

547.  Carpiies  Orayanus^  Lesqx.,  Geol.  of  Vermont,  p.  714,  fig.  122. 

548.  Carpiies  renosusfj  Sterub.,  Lesqx.,  Geol.  of  Vermont,  p.  717,  figs. 

157-lGO. 

Drupa, 

541).  Drupa  rhailospcrma^  Lesqx.,  Geol.  of  Vermont,  p.  716,  fig.  150. 


REPORT  OF  A.  S.  PACKARD,  JR. 

r^SECTS   AFFECTING   THE    CRANBERRY,  WITH   REMARKS 

ON  OTHER  INJURIOUS  INSECTS. 


By  a.  S.  Packard,  Jr. 


Tbe  culture  of  cranberries  is  rapidly  becomiu^  one  of  some  impor- 
tance in  tbe  Wi*st,  particularly  in  Wisconsin.  There  the  principal  in- 
sects, as  I  have  been  informed  by  Mr.  F.  W.  Case,  secretary  of  the  Wis- 
consin State  Horticultural  Society,  are  the  fire-worm  and  fruit-worm, 
but  we  do  not  know  whether  these  insects  are  the  same  as  those  found 
to  be  injurious  to  the  cranberry  in  the  East  or  not.  I  have  attempted 
to  bring  together  all  that  is  known  regarding  the  insects  injurious  to  the 
cranberry,  taken  from  my  "Injurious  Insects  New  and  Little  Known '^ 
(Mass,  Agricultural  Report  for  1870),  my  "Guide  to  the  Study  of  In- 
sects,^ and  from  unpublished  notes.  I  have  been  indebted  for  much 
valuable  information  to  W.  G.  Fish,  formerly  of  Sandwich,  Mass.,  and 
to  Mr.  F.  G.  Sanborn.  No  accounts  of  cranberry-insects  are  to  be  found, 
8o  far  as  I  ani  aware,  in  the  works  of  any  of  our  entomologists. 

INSECTS  AFFECTING  THE  LEAVES. 

The  Cranberry  Span-worm  (Cidaria^  sp.). — The  largest  worm  which 
is  destructive  to  the  leaves  is  a  span- worm  or  inch- worm  (Ctc^aria,  species 
unknown).  It  was  first  made  known  by  W.  C.  Fish,  who  states  that  it 
stripped  the  plants  in  Harwich,  Mass.,  in  August.  On  one  bog  '^they 
destroyed  nearly  two  acres  of  cranberry- vines,  eating  oii*  all  the  green 
]e<)ves,  the  bog  being  as  black  in  spots  as  though  a  fire  had  been  over 
it.''  I  have  found  that  this  caterpillar  is  also  destructive  in  Essex 
County,  Massachusetts.  These  worms  are  about  the  size  of  and  have 
the  same  general  appearance  as  a  canker-worm.  They  are  dull  reddish- 
brown,  simulating  the  color  of  the  main  stem  of  the  plant.  The  owner 
of  the  bog  flowed  it  with  water  so  that  it  was  completely  covered,  and 
the  worms  were  killed.  This  is  a  rapid  and  eflTectual  way  of  exterminat- 
ing all  insects  affecting  cranberry-plants. 

A  specimen  examined  August  26  was  of  tbe  size  of  the  canker-worm. 
The  head  is  rather  deeply  indented  above,  no  wider  than  the  thorax;  anal 
plate  long,  acute,  projecting  over  tbe  end  of  the  abdomen.  The  body  is 
dull  reddish-brown,  simulating  the  color  of  the  cranberry-twij:;8 ;  lineated 
finely  and  dotted  with  dark  brown.  Head  speckled  with  brown,  with  a 
conspicuous  transverse  band  across  the  vertex,  with  two  rows  of  ])ale 
irregular  spots  across  the  front;  just  above  the  spiracles  a  broad  dusky 
band,  above  which  are  lighter  and  darker  tine  thread-lines;  beneath 
paler,  with  a  ventral  clear  line,  edged  with  dark.  The  tip  of  the  abdo- 
men ends  in  two  minute  acute  tubercles  tinged  with  reddish,  and  end- 
ing in  a  spinule,  both  situated  under  the  anal  plate,  and  concealed  by  it 
when  the  body  is  looked  at  from  above.     Length,  0.80  inch  (1*0°*'"). 

r>i>l 
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The  ij\.Viir.'^iT>'i  Cbasbeeet  Moth  r*rfnj  fizyo^^mu  Pactarn]  .— 

Of  th<:tXT»:r»-;'.':  g-r:*'.-  T'tfi'z.  xhn^  sji*c:e*  have  i>c*n  foan«l  to  j-rey 
ofj  'i.-f  ri-iijijr::-.  Ti.t  i-rev-Lt  t'I*c:*'s  is  gai'l  by  >Ir.  F.  G.  SaalM-vn 
t'^  it*<l  Kji*.:;  '-rj-rjtjeiTj-vLiiir^.  We  Lave  Lriefly  dF?cribei]  it  in  i>ir 
"0:i;'l^  to  *;;'!;  nviiiy  of  II— ->::!•."■  au'ltr  :bt  sisaife  of  T-'-rrrtr  ««?»:<t^j*'. 
J*.  «>ii  toifi'l  fi;-i!-g  i)f:\*^.)*it  4.  Tb«  ixmIv  :••  of  a  dirk  slate  color,  ilij 
tti<:  \-iC.y.,  wLicii  are  .^life  a:j<)  [>m;<rct  irell  ijevond  ihe  bead,  are  of  :iit: 
•iiitfje  coJcir,  ^itii  a  ffr^  iirigb:  leilili-ib  ^calc.c  at  the  end  of  the  secotfl 
yt.ux.  lut-.  \\\\\  'ti  L^ii!)  on  *.be  [:]•  of  ibe  ^'tjdoiDeo  is  mnch  paler  :faab 
Tli<:  IK-!*  of  tti«r  Ixj'ly.  aL'i  oi  ;Le  name  color  aii  the  lezs  and  the  hiod 
»iij2--,  l><;iri2  of  a  g;:-:*fiiiiig  ^.Taj"  color.  The  fore  wiDgs  are  of  a  noi- 
lojfij  ie<l'l:-)j'brov  u  c^Ior,  nirh  a  iiecaiiar  ^riiisieDing  or  greasy  hue.  Tbe 
1(^1  tifjt  in  du<:  to  n<.-i<ttifrMl  t)r::!lii-red  $cak-$.  Tht-re  aie  no  other  s^iof? 
oi  luaikiiigs  on  the  viug.  and  the  fringe  is  mo:tle<l  with  re«l  and  gray 
hCalef)  ai;  ou  the  ^iugs.  On  The  hind  wici;.'-  the  fringe  is  long,  silky. 
{;|r»i)>y.  grayish  white.  Beneath.  Ihe  fore  wiu^s  are  jiale  gray,  the  hiail 
v'in:;.4  tjeing  paler  than  the  l"re  nings.  Length  of  the  body,  .Jo:  ex- 
panse of  the  «:n:;s.'ilof  nu  inch.  It  may  bie  readily  known  by  tbe 
jieeuliar  .shining,  greasy  Irxik.  and  by  the  rich,  rei  scales  scattered  ovtr 
the  [tlain,  unadorned  fore  win;;s.  The  habits  of  the  caterpillar  ore  not 
known. 

Thk  YklL'jW  Cbanberrt  Wobm  iTortrix  ratciniiroraHa  Packard;. 
— Auguht  4,  I  lecHved  Itom  ye-x  Jenfey,  ihroagb  Mr.  S.  H.  Scndder. 
spf-t.-imens  of    ibis  insect  in  all  its  stageis 
under  the  name  of  the   ''cranberry-worm.' 
It  seeniH  to  be  a  common  insect  in  the  ciao- 
l*erry-fields  of  ^ew  Jersey,  bnt  bas  not  yet 
beeo  found  in  the  Sew  England  States.  '  It 
na^  new  to  science,  and  was  called  the  Torrrv 
f'l-'T^        ^"^-y^^    ra^-ciaiiroranfl.    The  larva  draws  the   leaves 
!-•  '— z:^      -ih^^yT-f^  -^  to;.'ether    with    silken 

threads,  transformiu^ 
•iilj^^'  i  isf''~y-i^  (   /~3     Jll2Xli    '"^'*  "  pniH*  within  tin* 

t^_/^  ,  »ir"^5^  V/J  F     r^\r\   °"^^^'    ■*  sing'*?  '■'•rrii 

j^  :^f^  '    j-^^4^  iff  i-^     I  '  1  ^*^^*    ***    select    one 

fT—'^'fu-      y  y  'Z^  w^f—     \i     ~M  ^"^'^  °^    branch,   ami 

from  the  upper  surrace 
of  the  leaves  uutil 
every  leaf  or  twig  i* 
injured,  and  the  plaDi 
nearly  as  much  Jr- 
Btroyednsif  tbeleavrs 
Yu-.  1— v.n.ni<i-.i.t'rrj  woiiiianci  I'lip^i.  wiTe  eateu  up  entirely. 

I  way,  r!ju;li  hnva  si-r-ms  to  eat  the  best  part  of  about  t  welve  leavt^. 
uliii-lj  iiMiiiUy  ri-iniiii)  on  the  Ntalk,  ari'(mlin<;a  shelter  to  the  pupa,  nhii-h 
is  riakc'l,  [urrlly  sticking  ont  of  the  li'uves. 

Till-  Inrva  \n  pale  biincy  yellow,  with  a  sli^jht  preenisb  tinge.  Tlie 
hiMil  aJMl  \<ri>lhiir:\i;ii:  shield  an?  pale  hotiey-ycllow.  and  the  bead  is  nearly 
as  H'iiii;  iis  tin-  prothoriix.  Tliu  liody  tapuis  gradually  to  the  tail,  ami  if 
fiirnislird  wKli  litif,  spiirsc,  pale  hairs  arising  fioui  |»roniinent  tul^'idrs. 
till-  liiiirs  licinj,'  oiii-liiilf  as  long  as  thi;  body  is  wide.  The  four  dorsal 
tnlii-i'i;les  are  ;irr;irit;(-d  in  a  trapezoid,  with  a  ilcep  crease  between  Ilif 
anlenor  and  jmsH'iior  pair.  The  llioniric  feel  are  lippi-d  with  hliK-k. 
On  .-aoli  si.Ii-  of  tin-  basi-  .jf  the  In-ail  is  a  lateral  .•$-ahapf<l  l.l:..-ki>l)- 
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brown  linear  band,  the  upper  part  of  the  S  terminatinj?  on  the  top  of 
tbe  occiput,  the  line  being  most  distinct  on  the  side  of  the  head.  The 
ocelli  are  black.    It  is  .27  of  an  inch  in  length. 

Mr.  Trouvelot,  who  made  the  admirable  drawings  here  engraved, 
wrote  me  as  follows  regarding  its  habits :  ^'  Like  the  larvse  of  the  Hes- 
peridce^  as  in  Endamus  and  Tityrua^  this  cranberry- worm  sends* off  the 
excrement  to  some  distance  when  it  defecates.  When  it  had  built  i\,\i 
imperfect  cocoon,  it  was  very  careful  to  remove  the  pellets  of  excrement 
in  it,  by  taking  them  with  the  mandibles  and  carrying  them  out." 

The  pupa  is  brown,  rather  slenderer  than  usual,  with  the  vertex  of 
the  head  prolonged  into  a  large  tubercle,  surmounted  by  a  round  knob, 
which  is  rough,  while  the  tubercle  below  is  smooth;  there  is  an  angular 
projection  on  each  side  of  the  base  of  the  tubercle,  forming  a  shoulder 
to  it.  The  wing-covers  reach  to  the  end  of  the  third  a.bdominal  ring, 
while  the  antennse  reach  to  the  end  of  the  second  pair  of  feet,  which 
are  parallel  to  the  end  of  the  second  abdominal  ring.  There  are  two 
rows  of  teeth  on  the  upper  side  of  the  abdominal  rings;  they  are  obsolete 
beneath,  the  posterior  row  being  indicated  by  two  remote  minute  tuber- 
cles.   Length  .25  of  an  inch. 

The  moth  is  rather  undersized,  with  yellow  wings,  without  any  decided 
markings,  but  mottled  with  deep  ochreous.  It  expands  one-half  of  au 
inch. 

The  Bed-banded  Gbanbebbt  Tobtbix  {Tortrix  incertana).— This 
TartriXj  described  by  Dr.  Clemens  under  the  name  of  Tortrix  incertanay 
was  originally  sent  to  Mr.  Sanborn  by  Miss  Guild,  of  Walpole,  Mass., 
where  its  larva  is  called  the  "  cranberry- worm."  According  to  the  late 
Mr.  O.  T.  Bobinson,  it  is  found  in  Texas,  and  northward  to  Ohio  and 
Pennsylvania,  as  well  as  Massachusetts. 

The  body  and  fore  wings  are  deep  reddish-brown.  The  palpi  are 
prominent,  projecting  farther  than  usual  in  front  of  the  head.  The  head 
and  thorax  are  ochreous-brown,  with  a  large  tuft  of  red  hairs  on  the 
hinder  margin  of  the  thorax.  The  fore  wings  are  reddish-brown,  and 
at  the  base  clear  light  reddish-brown,  bounded  behind  by  a  curved  broad 
dark-brown  band,  which  terminates  just  below  the  median  vein ;  be- 
tween this  and  the  broad  brown-red  band,  and  situated  on  the  inner 
edge  of  the  ring,  is  a  dull-silvery  equilaterallytriangular  spot.  From 
the  middle  of  the  costa  runs  to  the  outer  angle  of  the  wing  a  broad  dull- 
red  band,  one-half  as  wide  as  the  ring,  and  suddenly  narrowing  on  the 
costa.  Beyond  is  a  narrow  hemispherical  dark-red  costal  spot.  Beyond 
the  broad  band  the  outer  edge  of  the  ring  is  clear  silvery,  except  an 
oval  brown  spot  The  fringe  is  reddish,  silvery  on  the  inner  margin. 
The  hind  wings  are  pale,  smoky,  concolorous  with  the  under  side  of  the 
fore  wings,  while  the  under  side  of  the  hind  wings  is  whitish.  It  ex- 
pands .70  to  .80  of  an  inch. 

In  the  pupa  the  segments  of  the  abdomen  are  divided  by  deep 
sutures,  the  edge  being  angulated,  and  with  two  dorsal  rows  of  unusually 
small  spines.  The  tip  is  proloDged  into  a  long  point,  nearly  twice  as 
long  as  wide,  and  giving  rise  to  three  pairs  of  curved  minute  filaments. 
Length,  .34  of  an  inch. 

The  Ked-steiped  Ceanberey  Woem. — This  worm  I  observed^ 
September  20.  to  be  common  on  the  heads  of  cranberry- plants  in  Ham- 
ilton, Mass.,  drawing  the  leaves  together,  eating  off  one  side  of  a  leaf, 
either  wholly  or  in  part,  and  eating  the  parenchyma,  leaving  the  re- 
verse side  untouched.  Twelve  or  fourteen  terminal  leaves  are  usually 
thus  eaten  ;  sometimes  the  terminal  leaves  are  not  touched,  the  cater- 
pillar working  up  from  below.    The  leaves  are  either  drawn  together  by 
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a  f^v  rilk  threadB,  or  there  Is  a  regntar  tabe  of  bI^  ritaated  b«H«ti 
two  learei,  the  latter  Mreied  from  tMf  eoaaeeChwi^ 
the  brnDoh,  bat  held  In  plaee  b^  silk  threadst  the  If  ■¥€!•  tmm 
seqnoitly  tamlDg  braim;  the  beads  of  the  brtafihii  an 
tboB  withered  fi»r  abont  an  inidi,  BO  that  patohes  of  tte  ecii- 
berry-bed  are  brown  and  witiiered. 
Body  laag  and  slender,  tapering  3  little  toward  the  he»d, 
.  bat  more  toward  tbe  t^L  Head  about  tbree-tbnrtlis  as  wide 
as  tbe  middle  of  t^  body.  Pale  testaceous,  witb  a  few  long 
hairs.    Mandibles  reddish,  doAy  at  tips.    Ocelli  blackisb. 

IProtfaoraz  aaosaalty  lf»g^  nearly  an  loug  ns  tbe  bead,  eloo- 
sate  ItinBte,  with  no  Barkings  on  it,  slifrlitly  wider  than  the 
Bead,  bat  dtaldedly  narrower  than  the  flucceeding  Aegnieiit. 
Body  pale  Itvid  green,  witik  six  longitudinal  piile-reddisli 
lines,  broken  ond  irregular  towml  the  bcitd,  l>ut  more  din- 
1  inct  and  wider  toward  the  tall,  so  that  tbe  body  looks  darkf? 
and  rather  reddish  posteriorly.  On  the  frout  edfre  of  the 
second  and  third  rings  a  transTerac  row  of  six  black  minute 
warts  giving  tlee  to  a  hair,  and  a  ttevcuth  one  low  down  in 
the  middle  of  the  side.  Oa  the  iitidoiuiDal  segments  fonr 
dorsal  blaek  warts,  tbe  two  anterior  nearer  together  than 
the  posterior,  though  not  forming  a  decided  trupezoid;  on 
side  of  ring  another  blauk  wart  In  Hue  witb  the  two  anieriot 
dorsal  ones,  and  giving  rise  to  a  ibtber  ^tout  hair.  Around 
r»-  ^'Vii|the  edge  or  the  sapi»«Qal  idata  a  row  of  four  black  vatU, 
ura'abar  *j«id  two  medium  dorsal  smallerwarts.  Beneath,  livid-^rceu- 
Worn.  jgb,  tAie  three  segments  between  the  laat  pairs  of  feet  wiili 

«aoh  a  transverse  straight  row  of  minnte  black  wans.   - 
The  OBAifBBBBT-YiNE  WOBX  {Anekylojpara  vaeetiiiaiM  ] 

Oar  occoanc  of  tbis  insect  is  taken  as  I 
from  oar  "Guide  to  the  Study  of  Ini 
while  tbe  figures  are  engraved  fkt>m  original 
drawing  made  by  Mr.  Emerton. 

Mr.  Fish  bas  discovered  an  uodeaoribed  apt- 
ciee  which  feeds  on  tbe  cranberry,  oad  whidi 
we  may  call  tbe  Cranberry  Anehglopgra  {A. 
vaccinuuta).    The  moth  is  dark  ash,  tbe  fore 

rio,  3,-Cr»Bbarty.Vlne  Worm,  wlngS   bclug  Whltisb,    duStCd  with    bmWD  »d 

"""e*!-  reddish  scales,  with  white  narrow  bands  on  tbe 

costa,  alternating  with  broader  yellowish-browu  bauds,  five  of  wbioh  are 
several  times  larger  than  tbe  others ;  from  four  of  them  irregular  indtBtinct 
lines  cross  the  wing.  Tbe  first  line  is  situated  just  beyond  tbe  iuner  tbird 
of  tbe  wing,  and  is  often  obsolete.  Tbe  second  line  is  the  largest,  and 
is  slightly  bent  once  in  tbe  middle  of  tbe  wing.  There  is  a  large  bron 
spot  parallel  to  the  costa,  being  situated  00  tbe  angle.  The  tbird  line 
is  oblique  and  stops  before  reaching  the  inner  angle,  and  is  forked  <■ 
tbe  costa,  while  tbe  fourth  line  is  a  short  apical  diffuse  irregalar  UiK- 
The  apex  of  the  wing  is  dark  brown,  and  is  a  little  more  acote  than 
usual  in  the  genuR.  Tbe  length  of  a  fore  wing  is  .38  of  an  inch.  It 
lays  its  eggs  on  tbe  leaves  during  the  month  of  AngU8t,nnd  a  new  brood 
of  ]arv£G  appears  in  September,  though  they  hatch  mostly  in  tbe  follow- 
ing spring  or  early  in  June,  and  become  fully  grown  in  Jnly. 

Tbe  larva  seen  from  above  is  much  like  that  of  Lozotania  rotaeeatt, 
but  the  liciid  is  a  little  larger  in  proportion  to  the  rest  of  the  bofly,  be- 
ing as  wide  as  the  body  in  its  thickest  part.  The  body  is  more  hairy, 
while  tbe  prothorax  is  not  dark.    Tbe  chrysalis  Is  rather  slender,  tie 
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body  being  contracted  at  the  base  of  the  abdomen,  on  the  rings  of 
which  there  are  dorsal  rows  of  fine  spines. 

Mr.  Fish  writes  me  that  **these  larvse,  called  the  cranberry-vino  worms^ 
hatch  aboat  the  1st  of  June  from  eggs  that  have  remained  upon  the 
leaves  of  the  plant  all  winter.  They  commence  to  feed  npon  the  tender 
growing  shoots  of  the  plant,  drawing  the  leaves  together  with  their  net 
for  shelter,  concealing  themselves  and  feeding  within.  Before  reaching 
their  fail  size  they,  if  very  nnmcroas,  almost  wholly  destroy  the  leaves 
and  tender  shoots,  giving  the  whole  bog  a  dark  dry  appearance,  as  thongh 
a  lire  had  been  over  it.  This  is  why  they  are  in  some  places  known  as 
^^  fire- worms."  Having  reached  their  full  size  they  spin  among  the 
leavesor  among  thedead  leaves  npon  the  groand.  After  remaining  in  the 
papa  state  about  tenor  thirteen  days  the  moths  come  oat  and  deposit  their 
eggs  upon  the  leaves.  This  year  the  moths  were  oat  the  last  of  Jane  and 
first  of  July.  In  five  or  six  days  the  eggs  hatched,  and  this  second  brood, 
which  IS  usually  the  most  destructive,  mostly  changed  to  pupic  on  the  20th 
of  July.  On  the  2Gth  of  July  the  first  moth  came  out,  and  most  were 
oat  before  the  4th  of  August.  I  saw  the  moth  at  Sandwich  as  late  as 
the  20th  of  August.  Most  of  the  eggs  laid  in  August  do  not  hatch  antil 
the  following  spring.  I  did  succeed  in  finding  two  or  three  larvie  in 
September,  but  they  were  rare  at  that  time.  The  only  sure  means  known 
of  destroying  them  is  to  let  water  upon  the  bog  for  twentyfonr  hours.'^ 

Besides  the  moths  and  their  caterpillars  men- 
tioned above,  there  are  two  other  insects  which 
derive  their  nourishment  from  the  leaves.  Mr. 
Fish  has  noticed  plant-lice  {AphU)  on  the  cnin- 
berry-vines. 

A  species  of  Cecidomyiaj  or  closely  allied  genus 
belonging  to  the  family  of  dipterous  gall-flies,  has 
been  discovered  by  Mr.  Fish  attacking  the  leaves. 
The  following  figures,  reduced  from  sketches  mad(^ 
by  Mr.  F.  G.  Sanborn,  will  serve  to  give  some  idea 
of  the  transformations  of  this  insect.  The  larva 
lb)  is  pinkish,  and  of  the  form  indicsUed  in  the  cut. 
It  spins  a  cocoon  {a)  on  the  leaves  apparently,  and  ^ 
changes  wi.hin  the  cocoon  to  a  chrysalis  (c);  d  rep-  fio. 4.-cranbcrry GoiiFiy. 
resents  the  female,  much  enlarged,  her  body  ending  in  a  long  retractile 
point;  €  represents  the  female  antenna),  much  enlarged.  It  is  not 
likely  that  this  insect  does  much  harm. 


ATTACKING  THE  FLOWEE-BUD. 


rn  M  berry - 
i«  \  jl. 


The  Cranberuy  Weevil  {Anthonomm  suturalut  LeConte). — Mr.  W. 
C.  Fish  has  found  this  insect  ineyin^  on  cranberry-buds,  V-v/' 
and  communicated  to  m«»  an  account  of  its  habits.  IfNYV-'y- 
was  identilicd  by  Dr.  J.  L.  LeConte  as  Anihonoinus  j ,  r* 
Huturalis  Lcc,  antl  I  cxtrat^t  the  following  description  R^ 
of  it  fioni  my  ^*  Guide  to  the  Stiidy  of  Insects,"  p.  487:  p,^  -_p^, 
"It  is  a  minute  reiUlishbrown  beetle,  with  the  beak  one- «"«» \\..\ii 
half  as  lon^  as  the  body,  jnst  beyond  the  middle  of  which  the  antenna* 
are  inserted.  The  head  is  tlarker  than  the  rest  of  the  body,  beinjr  brown- 
black.  The  thorax  is  a  little  darker  than  the  elytra,  and  covered  vei y 
sparsely  with  sliort  whitish  hairs;  the  scutellum  is  whitish,  and  the 
elytra  are  shining  reddish-brown,  with  the  strite  deeply  punctured,  the 
interstices  bein^  smooth.  It  is  .13  of  an  inch  long,  including  the  beak. 
Mr.  W.  C.  Fish  detected  this  little  weevil  laying  its  eggs  in  the  buds  of 
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the  cranlierry.  It  selects  a  bad  not  qaite  ready  to  open,  and,  cUuging 
to  it,  works  its  sDoat  deep  into  the  center  of  the  badl  Ad  egg  is  then 
de|>osited  iu  the  hole  made,  when  the  beetle  climbs  to  the  stem  and  cats 
it  off  near  where  it  joins  the  bad«  which  drops  to  the  groand  and  there 
decays,  the  eg^  hatching,  and  the  grob  going  throac:h  its  transforma- 
tions within.  The  larva  is  long  and  rather  slender,  cylindrical,  the  body 
being  of  nniform  thickness  and  cnrved ;  the  head  is  pale  hooey-yellow; 
the  jaws  tipped  with  black ;  the  segments  of  the  body  are  very  convex, 
especially  the  prothoracic  one ;  it  is  white,  with  a  few  fine  p^e  hairs, 
and  is  .08  of  an  inch  in  length." 

^Ir.  Fish,  in  an  article  on  this  insect,  pablished  in  theTarmoath  Beg- 
ister,  states,  in  addition  to  what  we  have  said  above,  that  the  '^egg, 
which  may  be  fonnd  within  the  bad,  is  pale  honey-yellow,  and  is  veiy 
minnte,  measoring  bat  .02  of  an  inch.  The  egg  hatching,  a  dnll  wbitifib 
grub  will  be  fonnd  feeding  within  the  bad.  Having  attained  its  growth 
it  changes  to  a  papa,  and  the  |)erfect  weevil  eats  its  way  oat  of  the  bad, 
leaving  a  round  hole  in  the  .side.  These  beetles  may  be  found  upon  the 
vines  some  time  after  the  blossoms  have  disappeared.  I  have  known 
them  to  eat  into  a  cranberry,  making  a  round  hole  large  enoagh  to  admit 
the  insect,  but  it  is  seldom  that  it  does  this.  It  also  eats  a  little  npoo 
the  under  leaves,  but  I  have  never  known  it  to  deposit  its  eggs  within 
the  fruit,  and  I  have  never  found  the  grub  elsewhere  than  in  the  bod.  I 
have  taken  this  beetle  u[>on  thefruitof  the  blackberry,  in  comiMwy  with 
other  species  of  Anthonomus,  This  insect  is  not  numeroas  anywhere, 
but  is  more  common  at  Eastham  than  at  any  other  locality  that  I  have 
visited.  As  I  have  never  seen  one  nyKm  a  bog  that  bad  been  flowed 
during  winter,  I  think  that  it  will  never  become  troublesome  on  sach 
bogs  at  least.  The  larvae  are  killed  b}'  a  minute  chalcis-fly,  as  I  discov- 
ered the  past  season." 

ATTACKIKG   THE   FRUIT. 

The.  mature  fruit  is  attacked  late  in  the  summer  and  in  the  autumn  by 
the  "fruit- worm."  This  is  a  small  caterpillar  belonging  to  the  same 
family  as  the  leaf- rollers.  The  first  segment  behind  the  head 
is  ratlier  large  and  square,  and  the  body  is  less  hairy  than  in 
the  leaf-eating  species.  This  worm  is  common  in  Massiichu- 
setts.  It  appears  the  first  of  AugUvSt,  and  works  through  the 
niontli.  The  first  signs  of  its  presence  are  seen  in  the  pre- 
nijiture  reddening  of  the  berries.  Most  of  the  worms  attain 
fID  their  full  size  before  the  first  of  September;  some  may  be 
found  in  the  winter.  ]\Ir.  Fish  states  that  when  the  cater- 
pillar is  fully  grown  it  enters  the  earth  and  spins  a  cocoon 

J',.  ♦:  -Cm    ^^'^^^^^''^  ^  ^^^^*  i'^clies  of  the  surfa(*<*.    The  cocoon  is  covered 

im  ny  Fruu  with  graius  of  sand,  and  resembles  a  lump  of  earth.     It  re- 

Worm.        jiiains  in  the  ground  all  winter.     An  ichneumon   prej'S  uiwn 

the  caterpillar.     Unfortunately  we  do  not  know  the  parent  of  the  c;iter- 

])illar, 

Tli4»se  are  the  only  inseets  thus  far  known  to  prey  upon  the  cranberry, 
and  occasionally  one  or  several  of  them  prove  very  destructive,  locally. 
In  applying  remedies,  the  most  general  and  applicable  is  to  flood  the 
er;vnberry  ])astnres  or  bogs.  The  vines  should  be  kept  under  water  for 
at  least  two  or  three  days,  as  many  insects  will  survive  several  days' im- 
mersion. Fires  at  night  will  attract  the  moths,  and  numbers  may  Iw 
destroycMl  in  this  w^ay.  Pans  of  coal-oil,  and  the  use  of  coal-oil  on  tbe 
]Hiddles  and  standing  water  in  which  the  vines  grow,  may  be  tried, 
should  it  be  found  by  previous  experiments  that  the  mineral  oil  does  not 
injure  the  vines. 


^ 
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INJURING  THE  PINE. 

The  PitchPine  Gall-Fly  (Diplosis  pinUrigidce^  n.  sp.).— Seveiiil 
years  ago  I  observed   in  an  isolated  young   pitch-pine 
(Pimis  rigida)  at  Brunswick,  Me.,  that  the  leaves  were  less 
than  half  as  long  as  usual,  and  much  swollen  at  their 
base,  as  seen  in  the  adjoining  cut. 

These  deformed  needles  were  quite  numerous  on  the  tree, 
and  have  not  been  previously  noticed,  so  far  as  I  am 
aware. 

The  larva  is  deep  orange,  with  the  breast-bone  retractile.  j,,q  ^ 
The  lateral  region  of  the  body  is  well  marked,  convex,  and 
the  segments  are  short,  quite  convex.  The  larva  is  situated  at  the  base 
between  the  inner  two  of  the  three  needles,  which  grow  from  one-third 
to  one-half  ot  their  normal  lengthy  and  by  the  irritation  set  up  by  tbe 
worm  the  united  base  of  the  leaves  swells  into  a  bulbous  expansion 
about  the  size  of  a  pea,  or  four  times  the  original  thickness  of  the 
needle,  while  the  third  or  outer  leaf  is  sometimes  not  altered  in  size, 
only  shortened,  and  aborted.  The  bud-scales  of  the  primary  leaves  are 
burst  and  hang  down  in  shreds  about  the  bulbous  swellings  of  the 
secondary  leaves  or  needles. 

The  larva  (found  September  22)  does  not  apparently  bore  into  the 
leaves,  as  it  has  no  means  of  making  its  exit  unless  it  works  its  way  out 
of  its  prison  through  an  oval  hole  between  two  of  the  leaves.  It  has  to 
in  some  way,  for  when  fully  fed  it  makes  its  exit,  ascends  to  the  terminal 
buds,  and  pupates  on  one  of  them,  exposed  to  the  air.  Sometimes  there 
are  two  larvse,  one  on  each  side  of  a  leaf. 

The  cocoons  are  pale,  oval,  and  covered  with  the  pitch  which  exudes 
from  the  buds  of  the  tree,  and  were  found  May  20. 

When  the  fly  issues  from  the  cocoon  it  creeps  half  way  out  of  its 
cocoon,  leaving  its  pnpa-skin  partially  remaining,  with  the  old  pupal 
Integnment  of  the  antennsB,  wings,  and  legs  separate. 

June  10, 1  opened  the  cocoon  and  found  the  pupo^  of  a  chalcid-fly,  and 
afterward  found  specimens  of  the  adult,  which  bore  small  holes  through 
the  sides  of  the  cocoon. 

Adult  female  described  from  life:  Antennae  14jointed,  about  half 
as  long  as  the  body,  brown,  with  sparse,  irregular  verticils  of  gray 
hairs,  the  ten  terminal  joints  twice  as  long  as  broad,  and  pedicellate. 
Clypens  and  epicranium  testaceous  brown,  the  clypeus  (hypostoma) 
having  a  few  long  gray  hairs  curving  over  and  downwards.  Palpi 
concolorons  with  the  ends  of  the  antennae. 

Thorax  shining  black,  with  four  lines  of  white  hairs,  as  in  C.  pini  De 
Geer;  the  sides,  including  the  prothorax,  reddish;  scutellum  reddish- 
brown,  while  the  trochanters  are  much  darker,  the  first  pair  being  nearly 
black,  the  two  posterior  pairs  reddish-brown.  Legs  brown,  paler  be- 
neath, with  gray  hairs,  the  tarsal  joints  darker  at  the  articulations, 
covered  with  fine  silvery  hairs. 

Wings  rather  short  and  broad,  with  scarcely  any  pubescence;  fringe 
long,  veins  dark  brown  ;  the  subcostal  (first  longitudinal)  terminates  at 
the  middle  of  the  wing  (in  0.  salicis  it  terminates  much  beyond  this 
point);  the  median  vein  terminates  at  or  perhaps  a  little  below  the 
apex;  it  curves  around  rapidly,  following  the  curve  of  the  margin; 
cross  vein  very  minute,  very  oblique,  almost  obsolete,  situated  a  little 
before  the  middle  of  the  first  longitudinal  vein;  third  longitudinal  vein 
straight,  but  turning  down  to  the  inner  margin  at  nearly  a  right  angle. 
Tbe  venule,  in  continuation  of  the  main  vein,  is  bent  upwards  at  its 


nru 

orl^n,  and  theneegotXndght  tottw  outer  rifB^fantoiagatriwmihy 
ipaoe.    TbebalterMpaleflcMi-eolated. 

AbdooMD  bknd-ied^  with  alight  ipaae  haftn.  The  mgmtat*  am  the 
tarmiiul  half  of  the  abdomeii  ate  edged  whh  bla^  and  the  tip  of 
the  abdoaien  is  blaekiab,  while  the  geottal  amatare  ia  flBub^otacd. 
Ltoctbt  .10  inch. 

l£fR  spedea  differs  deddedly  from  DIflotb  pM  Loew  9,  in  thift  thB> 
baaal  joints  of  the  BDtamm  an  not  yellow,  bat  pale  bfOWB.  "nBdlfpmi 
(hypoatoaui)  ia  reddish-browo,  not  red^ah-ydlow.  Hie  didalMto-lr 
Mood-ied,  and  the  hafra  are  too  few  to  give  a  atlraiy  nfleedo*;  tM- 
legs  do  not  aeem  whiter  beneath  than  abore ;  (be  wfD|m  an  aot  Ssaadlr 
pabescent,  bot  ace  qiaiiDgl;  aoi  The  erossvefa  is  diiBealt  to  flad,  aaf 
then  ia  only  seen  In  certain  potitioos.  It  is  saalkr,  bdng  only  a  Mrtl- 
at  ao  ineh  long. 

In  its  habits  it  aeetDS  to  dlfflR  fh»  Osten  Batkta'B  D.  fMimmltit' 
that  the  apparently  similar  pale,.on],  terinoas,  piteby  eAaflMMMFlM^ 
placed  on  the  bods  of  tfae  pine-needles,  whldi  were  somewhat  dciMie%' 
ood  ooold  thus  be  easily  distiDgDisbed  ftom  others  not  alheied,  MWv 
as  by  tfae  lerinoos  piteby  exodatloa  eorerlng  thtin,  (Obserred  3b9  SU* 
Tbe  fiwd-plant  ia  also  diflbrent,  the  D.  ^M  fwyfi  HriBg  en  PUmUMft^ 
Jemey  or  scmb  pine,  wliicb  does  not  extend  so  fin-  mnth  as  Ifev  B^' 
land. 
Thr  Fme  MoMOHAincns  (IT.  cmifiun-  Kitby.,  M.  tttHhilor  Harris),^ 
Notbiiig  was  known  of  tbh  haWt*  of  Mri* 
bMer  ^  Haiiis,  la  tte  tUid  edMH  if 
L  whose  trestiae  Oe  beetle  la  wdl  flgaie^ 
I  lD]860,Dr.FltcllcaTeoiicxeclleMMeWff 
of  the  batrits  and  brief  deaeripiiM  of  tba 
hirva  and  papa  and  adnlt  in  bfa  VoarA 
I  Report  on  tbe  Nozioas  Ineects  of  Se* 
York.  Tfae  foUowiog  description  of  tbe 
larva  and  pnpa  i* 
baaed  on  sped- 
niens  obtained  at 
Brnnswiok,  Me., 
and  com  parrd  « ith 
some  reoeived  from 
Mr.  V.  O.  Bov- 
ditch,  who  p  n  b- 
lisbed  in  the  AuKt- 
icon  NatttraliKt, 
Aafrnst,  1873  (viJ, 
p.  4dS),  an  aceonrt 
of  the  habits  and 
traDsformationi. 
He  sent  me  a  block 
of  piue  wood  split 
off,  containing  tbe 
terminal  portion  of 
the  cell,  HtufM 
''  with    large   chip*, 


/r^'^^'S™- arranged''    qoit« 
regularly.     In  tbe_ 


«vn  frum  ■bore,  both  tsbirgnd 
tnl  view  of  pupa,  nntoral  glie. 

muaenm  of  the  Peabody  Academy  of  Science,  at  Salem,  is  n  piece  rf 
planed  plank,  nliich  had  been  sawn  so  as  to  nncorer  part  of  the  bo)e^ 
with  the  beetle  within,  as  seen  in  Fig.  8.    Fitch  states  that  this  and 
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Monohammus  scutellatus  and  marmoratus  are  tbe  most  common  and  per- 
nicious borers  which  occur  iu  the  pine  timber  of  New  York.  '^On  a 
still  summer's  night  the  peculiar  grating  or  crunching  noise  which  the 
larvffi  make  in  gnawing  the  wood  may  be  distinctly  heard  at  a  distance 
of  eiirht  or  tf^n  rods.  That  the  insect  does  not  open  a  passage  out  of  the 
wood,  whereby  to  make  its  exit,  uutil  it  attains  its  i)erfect  state,  I  infer 
from  the  fact  that  several  of  these  beetles  gnawed  their  way  out  of  one 
of  the  pillars  of  the  portico  of  a  newly-built  house  in  my  neighborhood 
some  years  since,  the  noise  being  heard  several  days  before  they  emerged, 
and  while  they  were  still  at  some  distance  iu  the  interior  of  tbe  wood." 

Mr.  Bowditch  found,  June  9,  at  Brookline,  Mass.,  this  species  in  Fimis 
mitia^  the  yellow  pine,  in  which  were  several  holes  about  the  size  ot  a 
pencil.  *^On  removing  the  bark  I  found  an  adult  insect  already  free 
and  the  heads  of  several  others  appearing  through  the  wood.  On  further 
investigation  during  the  next  few  weeks  I  obtained  from  the  tree  no 
less  than  eighty  of  these  beetles  in  all  stages  of  development,  which, 
considering  the  size  of  the  tree,  was  a  large  number.  I  observed  that 
the  largest  beetles  were  near  the  foot  of  the  tree-  •  •  •  After  re- 
maining in  the  pupa  state  during  a  space  of  time  which  varies  according 
to  circumstances,  it  is  transformed  to  a  beetle,  and  after  a  short  time 
gnaws  its  way  out,  appearing  from  the  tirst  of  June  to  the  middle  of 
July.'' 

I  have  found  numbers,  at  least  twenty,  of  these  larvae  under  the  bark 
of  the  white  pine  (Pinus  strobvs)  at  Brunswick,  Me.,  in  the  early  part  of 
June,  but  no  pupae  or  beetles,  though  most  of  the  larvae  were  fully  grown. 
Some  were  one-half  an  inch  long,  and  had,  without  much  doubt,  hatched 
from  eggs  laid  in  the  preceding  June  or  July,  so  that  the  larvae  must 
live  nearly  two  years  before  transforming.  My  attention  was  called  to 
their  presence  in  the  tree  by  the  creaking  made  by  the  larvae,  the  noise 
being  heard  a  rod  from  the  tree.  Some  of  the  larvae  were  molting.  In 
this  process  the  entire  head  of  the  tegument  about  to  be  cast  is  pushed 
off  anteriorly,  while  the  thin  skin  of  the  rest  of  the  body  peels  off  from 
the  prothorax  backwards. 

Mr.  A.  O.  Goodell,  of  Salem,  Mass.,  presented  the  museum  of  the  Pea- 
body  Academy  with  an  adult  of  this  species  which  came  from  a  pine 
bureau  about  the  year  1875.  The  bureau  had  been  in  the  house  for 
about  fifteen  years  previous,  being  newly  made  when  purchased.  The 
family  had  heard  the  creaking  noise  for  some  time  before  the  insect  ap- 

5 eared ;  and,  after  inquiring  into  the  circumstances,  I  have  no  doubt 
nt  that  the  insect  had  lived  in  the  bureau  for  fully  fifteen  years. 

This  longevity  is  probably  due  to  the  fact  that  the  insect  had  not 
coupled,  it  being  well  known  that  continence  in  insects  leads  to  the  pro- 
longation of  life  far  beyond  their  natural  term  of  existence.  Further 
observations  and  experiments  on  this  point  are  greatly  needed. 

Apropos  of  this  interesting  subject  I  quote  the  following  observations 
of  Dr.  Fitch:* 

"The  wood  of  the  apple-tree  was  formerly  highly  valued  for  cabinet- 
work in  this  country.  In  1786,  a  sou  of  General  Israel  Putnam,  residing 
in  Williamstown,  Mass.,  had  a  table  made  from  one  of  his  apple-trees. 
Many  years  afterward  the  gnawing  of  an  insect  was  heard  in  one  of  tbe 
leaves  of  this  table,  which  noise  continued  for  a  year  or  two  when  a  large 
long-horned  beetle  made  its  exit  therefrom.  Subsequently  the  same 
noise  was  heard  again,  and  another  insect,  and  afterward  a  third,  all  of 
the  same  kind,  issued  from  this  table-leaf;  tbe  first  one  coming  out 

*  Thircl  Repoit  od  tbe  Insects  of  New  York.  By  Asa  Fitch.  Trans.  N.  Y.  Agric.  Soc, 
185(i,  p.  326. 
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tirenty  and  the  last  twenty-eight  years  after  the  tmnk  was  CQt  doim. 
These* facts  are  stated  more  fully  in  the  History  of  the  County  of  Beik- 
shire,  published  at  Pittsfield  in  1829,  p.  39.  This,  I  believe,  is  the  longest 
period  of  an  insect  remaining  alive  in  timber  of  which  we  have  any 
record,  and  it  is  desirable  to  ascertain,  if  possible,  what  insect  this  wa& 
Jobn  J.  Putnam,  Chq.,  of  White  Cnek,N.  Y.,  was  a  yoang  man  reaidiDg 
at  his  father's  when  these  remarkable  incidents  occurred.  On  showiug 
to  him  specimens  of  all  the  larger  long-homed  beetles  of  this  Ticinity, 
he  points  to  Ceranpharus  balteatus  as  being  the  same  insect,  according  to 
the  best  of  his  recollection,  but  is  not  certain  but  it  might  have  been  the 
Callidium  agresteP 

*^Tbis  testimony,  in  connection  with  what  President  Fitch,  of  Wflliams 
College,  says  of  the  insect  in  the  notice  above  referred  to — ^  Its  edor 
dark  glistening  brown,  with  tints  of  yellow' — releases  us  from  all  doobts 
upon  this  subject,  as  the  agreste  is  of  a  uniform  brown,  whilst  the  M- 
teatuB  commonly  presents  traces,  more  or  less  distinct,  of  an  oblique 
yellowish  spot  or  band  near  the  middle  of  the  wing-covers." 

Larva :  Body  soft,  white,  long,  nearly  cylindrical,  being  but  slightly 
flattened,  entirely  footless,  all  the  abdominal  segments  of  the  saine 
width,  except  the  minute  small  one.  From  the  first  abdominal  (or  fonrtli 
from  the  head),  the  body  increases  in  width,  being  widest  on  the  pro- 
tlioracic  segment  (or  the' one  next  to  the  head).  This  segment  is  trans- 
versely oblong,  being  as  wide  in  Iront  as  behind;  it  is  a  little  more  than 
twice  as  wide  as  long.  The  head  is  large  and  square,  not  narrowing  in 
front,  but  sts  wide  anteriorly  as  posteriorly.  When  the  head  is  forcibly 
pulled  out  it  is  found  to  be  as  long  as  broad ;  anterior  one-fourth  of 
head  deep  mahogany  red,  becoming  blackish  on  the  edge.  Clypeas 
very  short  and  broad,  al)Out  (our  times  as  broad  as  long.  Labmm  rather 
wide,  not  much  contracted  at  base,  rounded  in  front,  with  very  stoat 
bristles  on  the  margin.  Mandibles  gouge-like,  the  end  oblique,  hollowed 
out,  with  tbe  outer  edge  i)roduced  into  a  i>oiut.  Antennae  very  minute, 
tliree  jointed,  tbe  sectoud  and  third  joints  abont  as  long  as  the  basal. 
The  niaxillff;  form  a  ba.sal  jjiut  throwing  otf  a  three  jointed  palpus,  and 
an  inner  lobe  armed  with  stiff  bristles  reaching  to  the  end  of  the  second 
joint  of  the  pnlpus.  The  two  jointed  labial  palpi  reach  to  as  far  as  the 
middle  of  the  brush  like  lobe  of  the  maxilliv;  tbe  second  joint  is  about 
as  long,  but  halt'  as  w  ide  as  the  basal.  The  middle  of  each  segment; 
especially  the  third  to  the  seventh  above  and  below,  with  a  trausversfv 
(;allc)us  spot.  The  upper  side  of  the  first  abdominal  segment  has  a  very 
narrow  oblong  square  area  impressed  upon  it.  The  callous  spot  is  best 
marked  on  the  iittli  segment,  consisting  of  an  area  about  oue-thirdas 
long  as  broad,  with  a  square  shallow  sinus  posteriorly,  and  with  the  sides 
projected  inwards;  it  consists  of  two  series  of  callous  spot^,  the  outer 
forming  the  limits  of  the  area  as  alM)ve  described,  and  the  inner  series 
forming  a  simple  transverse  narrow  lanceolate  oval  8i>ot.  The  callous 
spot  on  the  under  side  bus  a  sinus  in  front,  but  slightly  rounded  be- 
hind. The  one  on  the  seventh  segment  (below)  is  but  little  more  tlmn 
one-half  as  wide,  with  a  broad  sinus  on  the  hind  edge,  and  with  tlie 
sides  directed  obliquely  inwards.  Terminal  segment  very  small,  balf 
as  wide,  and  one-fourth  as  long  as  penultimate  segment,  lysine  spiracles, 
first  on  front  edge  of  second  thoracic  (mesothoracic)  segment. 

Length  when  lully  grown,  IJ  inches.  This  larva  may  be  known  from 
that  of  Uhiujhni}  lineatum,  by  its  much  longer,  more  cylindrical  bodv. 
and  ditfcrs  at  once,  by  the  long  square  head,  that  of  Khagium  roundiug 
in  front,  by  the  wider  clypeus,  and  proportionately  wider  and  sliorier 
la  brum.    The  palpi  and  antennae  do  not  differ  much.    Tbo  Ciillous  &\k^^ 


^■..    ^    Apt     -^    '*      V     . 

^  -M  .^  M  *^^'S^h 


r^cKAiD.]  HORN-TAIL  BOREB.  531 

on  the  abdominal  segments  are  smaller  and  otherwise  different  from 
tbose  in  Bkagium. 

Pupa :  The  pnpa  is  far  advanced,  being  nearly  ready  to  change  to  a 
beetle,  the  body  becoming  dasky  and  horn-colored,  while  the  character- 
istic dark  spots  have  already  appeared  on  the  wing-covers.  The  an- 
tenniB  are  coiled  np  three  and  a  half  times  at  the  end  between  the  fore 
and  middle  pair  of  legs,  and  the  genns  may  be  recognized  by  their  great 
length,  and  the  deep  excavation  in  the  head  between  them,  as  well  as 
by  the  lateral  short  spine  on  the  prothorax. 

The  wing-covers  in  my  single  specimen  reach  to  the  third  abdominal 
segment  and  are  pressed  obliqnely  to  the  side  of  the  body.  The  salient 
l>ortions  of  the  upper  side  of  the  abdominal  rings  with  fine  spines.  End 
of  the  body  sinnate. 

In  the  absence  of  another  pupa  of  this  genns  for  comparison,  addi- 
tional characteristics  cannot  now  be  given.  Length,  three-quarters  of 
an  inch. 

The  Hobn-tail  Bobeb  (Tremex  Columba  Linn.).— This  insect  in  the 
larva  state  was  found  by  some  students 
in  the  Massachusetts  Agricultural  Col- 
lege, at  Amherst,  Mass.,  early  in  Octo- 
ber, in  a  tree  on  the   college-grounds.     Fio.l^Larvaof  TwrnexColnmbmnmtoral 

With  the  larvsB  were  associated  several  s^* 

imagoes  which  had  not  left  their  holes,  and  seemed  likely  to  be  destined 
to  pass  the  winter  in  the  tree.  As  the  transformations  of  this  insect 
have  not  been  known  heretofore,  we  add  the  following  description  of 
the  larva. 

Larva:  A  long  white  cylindrical  worm,  with  the  segment  behind  the 
head  of  the  same  width  as  the  twelfth  segment  from  the  head ;  the 
thirteenth  much  narrower,  regularly  rounded  behind,  with  a  deep  crease 
above,  leading  backwards  and  a  little  downward  to  a  small  sharp  ter- 
minal dark-reddish  horn.  The  horn  is  acute,  with  three  teeth  above  near 
the  base,  and  two  smaller  ones  on  the  under  side.  Each  of  the  three 
last  rings  bulges  out  on  the  under  side.  The  head  is  white,  and  about 
half  as  wide  as  the  segment  behind,  into  which  it  partially  sinks.  It  is 
rounded,  smooth,  with  the  antennse  represented  by  small  rounded  tuber- 
cles, ending  in  a  minute  homy  spine ;  should  the  s])ine  be  regarded  as 
indicating  a  joint,  then  the  appendage  is  three-jointed.  The  clypeus  is 
broader  than  the  labrum  by  a  distance  equal  to  its  own  length.  The 
labmm  is  a  little  more  than  twice  as  broad  as  long,  with  the  front  edge 
slightly  sinuous.  The  large  powerful  mandibles  are  four-toothed  on  one 
Bide  and  three-toothed  on  the  other.  The  maxillse  are  three-lobed,  the 
lobes  unequal,  ending  in  spines,  the  middle  lobe  with  two  spines,  the 
outer  lobe  much  smaller  than  the  others.  The  labrum  or  under  lip  is 
rather  large,  rounded,  with  a  spine  projecting  on  each  side.  The  pro- 
thorax  or  segntent  next  behind  the  bead  is  twice  as  long  as  the  one  be- 
hind it,  divided  into  two  portions  by  a  suture  behind  it.  There  are  three 
pairs  of  small  soft  uujoiuted  feet,  of  which  the  first  pair  are  considerably 
the  largest ;  they  do  not  project  straight  out  but  are  pressed  to  the  body 
and  directed  backward.  There  are  ten  pairs  of  spiracles,  one  pair  on 
the  hinder  edge  of  prothorax,  twice  as  large  as  the  others ;  the  second 
pair  between  the  second  and  third  rings,  and  the  eight  others  on  the^ 
eight  basal  abdominal  segments. 

Length,  2.25  inches;  greatest  thickness,  .28  inch. 
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and  Towers  on   the  Rio 
San  Juan  388, 390, 415 
looses  on  Epsom  Creek  425 
Town  388, 421 

on  the  Rio  de  Chelly  421 
thus  Americanos  516 
fibrillosus  516 
Meigsii  516 
reffi  516 
rinites  artocarpidioidee  516 

Iffivigatns  516 
rophyllom  ensifoliom  494 
ros  borealis  516 
ea)508 

brevifolia  508 

>ic  formations,  tables  of  123 
>boros  balteatos  530 
arpos  antiqoos  519 
\  fi^igantens  467 
Cation,  Head  of  433 
craniom,  report  on  453 
id  com  394 

birth  among  Apaches  471 
ito  Colorado  476 

ndeu,  G.  B.,  discovers  roin  on  the 
Hovenweep  415 
O.  B.,  Report  of  349-^7 
rites  bolbosos  497 

sobsimplex  497 
;ke  game  463 
:y-yard,  game  of  464 
momom  afflne  510 

crassipes  510 
Heerii  491,510 
lanoeolatom  510 
Mississippiensc  510 
Novaj-Anglite  510 
polymorphom  510 
Scbeuchzeri  491 ,  510 
,  stone  in  Wyoming  474 
2S  acominatos  493 
affir.is  493 
cyclophylla  493 
Harkerisnos  493 
Heerii  493 
insignis  493 
obtosos  493 
IfiBvigata  512 
lobato-crenata  512 
ParroticBfolia  512 
trioospidata  512 
)1  Plateao  365 
,  J.  Max  340 

Qcation  of  eroptive  rocks  202, 207 
Creek,  arable  area  of  325 

measorements  of  325 
)weller8  476 
weller's  oraniomi  desoriptioii  of  454 


Cliff-dwellers^  probable  oaose  of  disap- 
pearance 456 
Cliff-dwellings  453, 477 
Cliffhooses  385, 393, 424 
Cliff  Roin  on  the  Rio  de  Chelly  424 
Cliff  spring  184 
Climate  of  Colorado  315 
Climatic  and  Economic  Notes  on  Tampa 

District  373, 374, 375 
Coal  173 

analyses  of  141 
review  of  122 
Coast  Sorvey  284 
Coccoloba  laavigata  509 
Cold  Spring  Cafion  192 
Colorado,  area  of  313 
Basin  190 
Chiqoito  476, 477 
.  climate  of  315 
coltivable  areas  of  323-338 
eropted  rocks  of  205 
group  174, 177, 180 
tables  of  126 
White  River  75 
mean  elevation  of  313 
moontain  ranaes  of  314 
plains,  area  of  313 

Slateao  191 
Iver  471 
Coloradoite,  anidyses  of  142 
Comparison  of  Tertiary  strata  in  North- 
western Colorado  183 
Comptonia  503 

Couciosioo,  report  of  F.  M.  Endlich  102 
ConifersB  488, 499 
Copper-mining,  review  of  121 
Corneffi  512 
Cornicolaceffi  513 
Cornos  acuminata  513 
empressa  513 
Kolioggii  513 
obifcra  512 
ovalis  512 
rhamnifolia  513 
8toderi(f)513 
Soborbifera  512 
Coronado  467 
Coronari®  501 
Correlation  of  porphyritic  trachyte,  with 

other  eroptives  244 
Corylos  Americana  504 
grandifolia  504 
MacQoarrii  504 
orbicnlata  504 
rostrata  504 
Cost  of  irrigation  341 
Cooes,  Dr.  Elliott  468 
Coyot^ro  Apacb^s  466, 467 
Coyote  Basin  366 
Cranberry  frnit- worm  526 
gall-fly  525 
moth,  glistening  522 
span-worm  521 
Tortrix,  red-banded  528 
vine- worm  524 
•     weevil  525 

worm,  red-striped  523 
worm,  yellow  522 
Crania,  comparisons  of  457 
Craniom,  cliff-dweller's  451 
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CraDinm,deseriptioD  of  4»t 

measoreiDeDts  of  455 
Crat«(ni8  Y  sqoideDtata  519 
Creek,  Independeoce  469 

Ma^^^e  469 
CmnatioD,  Pah-Ute  472 
Crr^t  of  Divide  366 
Cretaceous  formatioD,  tables  of  125 
foaail-pIaDts  Afii 
period  28 

plants,  catalogae  of  4^,  4^S 
review  of  105 

shales  163, 165, 1^6, 169,  IH) 
strata,  extent  of,  in  Graud  Hi  ver 

district  180 
White  River  74 
Crow  Indians  467 
Cryptojfaniae  4'*?,  496 
CrvKtalline  ajri^gates, orography  of  91 
Cub  Creek  :)69 
Cncharafi,  arable  area  of  327 
Cnltivable  areas  of  Colorado  323-333 
Ciiprc^Mioea;  499 
Citpnliferse  504 
CiiHtom,  peculiar  medical  469 
CycadeiB  4^ 
C.v  [Hjracea;  500 
C^  i>eru8  Chavaoensis  500 
Dakota  groop  74, 127, 16:J,  165, 167, 171, 172, 
179,  Ida 
groap,  fossil  plants  from  Atil 
Indians  474 
Dnnces,  Indian  4(>4 
D::nforth  Hills  :i65 
Dapiinogene  anglica  T  510 
cretacea  491 
Dejid,  disposition  of  the  471 
I)t*lK>Hcation  475 

I)rclina-ion  of  maj;netic  needle  ii0i>-o09 
D«M*p  Channel  Crt-ek  ^^6^5 
Dfles^eria  fulva  AiH] 

incrassata  496 
Drsoription  of  Yampa  River  371 
D» sen  Creek  1()4, 171, 173,  i74 

land,  estimated  area  of  31S 
Destrnction  of  timber  475 
D«-vonian  lOG,  130 
Dutotyledones  4d9,  503 
Dikes  113 
Di«  rite  208 
I)i()Hroreje  489 
Dioscorea  ?  Cretacea  489 
Diospyriiieap  492 
Diospyros  amhigua  49*2 

bracbysepala  511 
Copeana  511 
ficoidea  511 
lancifolia  511 
prinueva  4l>*2 
rot uiidi folia  492 
sfenosepala  oil 
W<Mlani  511 
Dipb'sis  niiii-ri^i(la»  527 
Diplnziiim  Mnelleri  ?  497 
Di>appearanro  of  ClifV-Dwellers,  probable 

<!iiiHes  of  the  45<> 
Disappointment  Creek  ICA) 
Di^raiitb<'{e  492 
Di.sj)lacements  40 
Di.spositiou  of  the  dead  471 


Distances^  tables  <^  286-897 

Dulerite245 

Dolores  Cafkm  193 

Peak  194,238 
Biver  163, 105, 166, 179 
arable  laud  on  335 
profile  of  337 
Dombejopos  graodifolia  514 
obcusa  514 
oceidentalis  509 
platanoidea  514 
tiivialis  514 
Dome  Platean  ITi^  179 
Doorways  398 
DoQglass  Creek  ^3 
Drainage,  Grand  River  65 

in  Tampa  District  8 
White  River  65 
Dress  of  Indians  4&^ 
Drift,  erosion  of  102 
review  of  116 
White  River  distriet  &d 
Dmpa  rhadosperma  520 
D;-yophyllom  crenatom  506 

(Qaercos)  eteiia^am  506 
latifoliom  490 
primordiale  490 
salicifoliom  490 
sobfalcatum  506 
Ejigle  River,  profile  of  336 
Ear  ornaments  407 
East  Salt  Creek  176 
Ebena?esB  511 

Eccentricities  of  erosion  370 
Echo  Park  372 
Egypt,  amount  of  water  used  in  irrigatioD 

in  321 
Elevation,  a  limit  to  agricnltnre  319-320 
Elevations  in  the  White  River  district  357 
E  kliead  Mountains  :jt6*2 
Eheagnns  inicqnalis  511 
Etnliothrites  dapbneoidei)  491 
Eudlich,  F.  M.,  S.  N.  D.,  173, 175. 195, 401 

414. 
annual  report  of  61 
uiineralogical  report  VX) 
on  ernptive  bed-rocks   of 
Colorado  199 
Eiisatoje  501 

Eocene  group,  tables  of  123 
Epsom  Creek  191 
Equisetaceje  498 
Eqaisetuiii  Haydenii  498 
Itevigatnm  498 
limosum  f  498 
robustum  498 
Wyomingense  498 
Eremophyllum  timbriatum  495 
Ericaceju  492,511 
Ericineio  511 

Eriocanlon  ?  porosnm  502 
Eosion,  ettVcts  of  101 
Erupted  rocks,  classitication  of  202 

distribution  of  205 
in  Colorado  205 
of  Colorado,  origin  of  269 
orijrin  of  2(»2 
Eurptive  rocks  of  Yampa  district  39 

orography  of  97 
Eruptives  of  Colorado,  age  of  252 
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EraptiTes  of   Colorado,  compared    with 
others  255 
of  Colorado,  tahle  of  254 
ot  Europe  ^ 

volcaoio,  comparative  tahle  of 
262 
Entof^  cnrions  example  395 
Estafas  384,434 

coaoterforts  Id  435-438 

largest  in  the  Paehlo  Una  Vida 

437 
largest  nnmher  in  Pnehlo  Booito 

441 
of  two  or  more  stories  438,439, 
443 
Ethnology,  ArchsBology  and  379 
Eucalyptus  f  Americana  518 
Hseriogiana  f  518 
Evacuation  Creek  354 
Evaus  ditch  339 
Ewbank,  Thomas  404,476 
Fagus  Aotipofi  504 
cretacea  490 
Ferooifls  504 
ferruginea  504 
Hitchoockii  504 
macropbylla  504 
]>olyclada  490 
pseudo-ferrngiDca  504 
Ficns  arenacea  508 
asarifolia  509 
auricalata  509 
caneata  503 
cinnamomoides  509 
Clintoui  509 
dalmatica  508 
Hnlliana  491 
Haydenii  508 
irregalaris  50^ 
lynx  508 
lanceolata  508 
laurophyllam  491 
miorophylla  509 
maltinervis  508 
oblanceolata  C08 
ocoidentalis  509 
ovalis  50^ 
planicostata  509 
primordialis49l 
pseado-popnlus  509 
Schimperi  509 
Smithsoniana  508 
sordida  509 
spectabilis  508 
snbtruncata  509 
tiliiBfolia  509 
uliuifolia  50d 
uncata  508 
Ungeri  508 
Wyonjingiana  509 
Filices  4t<8,  497 

Fire,  Igiioranco  of  tbo  manner  of  produc- 
ing 4(57 
Fireplace  393,  419 
Fire-signals  474 
Fisher^  Peak  277 
Fisli,  W.  C.  5-21 
Fitcb,  Dr.  529 
Flabellaria  Eocenica  502 

f  frnctifera  502 


Flabellaria  longirachis  1 503 
f  minima  489 
Ziakeni  f  502 
Flexnree  48 
Flies,  larvsB  of  465 
Florissant,  Col.  487 
Floviales  501 

Fontaine  qui  Bonille,  arable  area  of  328 
Food,  Indian  465 

Formations,  geological,  tables  of  123 
Fortification  Creek  362 
Fortress,  ancient  cliff  477 
Fossil  plants  from  Dakota  anronp  481 

Grand  Hogback  Range 
181 
Fossils  from  Qreen  River  gronp  185 

Wahsatch  gronp  184 
Fox  Creek  369 

Fox  Hills  gronp  174, 177, 181 

tables  of  125 
White  River  76 
Fragments  of  ancient  painted  pottery  449 
France,  amount  of  water  used  in  irriga- 
tion in  321 
Frangnlaoen  515 
Frangnlinees  494 
Fraxinns  Brownellii  511 
dentioolata  511 
Eocenica  511 
prsBdicta  511 
Fncns  lignitom  497 
Fnngi  496 

Games,  Indian  462,  463 
GamopetalsB  510 
GamopetaleiB  492 
Gannett,  Henry,  report  of,  on  the  arable 

and  pastnre  lands  of  Colorado  311-347 
Gardner,  J.  T.  273,  279,  280 
Gauging  of  White  River  59 
Yampa  River  59 
General  description  of  country  adjacent  to 

White  River  agency 
365 
of  the   country    con- 
taining ruins  411 
Geographical  positions  and  elevations  of 
points    1>etweeu    Yampa    and    White 
River  377, 378 
Geological  formations  of  Grand  River  dis- 
trict 178 
formations,  tables  of"  123 
report  on  Northwestern  Colo- 
rado 5 
report  on  the  Grand  River  dis- 
trict 163 
Geology  1 

Geonomites  Goldianns  502 
Schimperi  502 
tennirachis  502 
Ungeri  502 
Germany,  amount  of  water  used  in  irriga- 
tion in  :{20 
Glaciation,  review  of  115 
Glaciers,  ancient  8G 
Gleditsia  triacanthos  519 
Gleichenia  Kurriana  488 

Norrleuskioldi  T  488 
Glumace8B489,500 
Glyptostrobos  Europaeus  499 
gracillimus  489 
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Golden  City,  Col.  481 

ditch  339 
Gold-miDiDg,  review  of  117 
Goodell,  A.  C.  529 
Grand  Hogback  77 

Range  176,181,^51 
Meea,  basalt  of  249 
Grand  River  164, 170, 171, 173, 179, 181 
arable  areas  of  332-337 
cafion  of  172 

district,  extent  of  Cretace- 
ous in  180 
extent  of  Jnra  Trias 

in  180 
geological     forma- 
tions of  178 
geological     report 
on  163 
drainage  65 
grazing-lands  of  346 
measnrementaof  332 
profile  of  336 
D.  T.  469 

Valley  164, 170, 173, 175, 180 
arable  land  in  333-334 
Granite  210 

Creek  172 
Grasshoppers  as  food  465 

mode  of  captnring  and  pre- 
paring for  food  465 
GraveolenSy  Anethnm  465 
Gray  Hills  365 

Grazing-lands  of  Colorado  344-347 
Great  Sage  plain  190 
White  Mesa  191 
Yampa  Cafion  371 
Greeley  ditch  339 

irrigation  at  339-340 
Green  River  170, 370, 372 

group  82, 174, 175, 177, 181, 184 
fossil  plants  from  185 
Gregg,  Josiah  431 

Grenada,  amount  of  water  used  in  navi- 
gation in  :^1 
Grewiopsis  Clebnmi  514 
Haydenii  494 
Saportana  514 
tennifolia  514 
Gunnison  River,  arable  land  of  334-335 

protile  of  336 
Valley,  arable  land  in  333-334 
Gymnogramma  Gardneri  498 

Haydenii  498 
Gymnospermae  499 
Gypsum  173 

Valley  163, 165, 167, 179 
Habitations,  Indian  471 
Ilalorageu?  518 
Halymenites  major  496 
minor  490 
Btriatus  496 
Hamamelites  Kansaseana  493 

quadrangularis  493 
Hardscrabble  Creek,  arable  area  of  328 
Harry  Lee  411 
Hay  den.  Dr.  F.  V.  181 
Head-flattening  456-457 
Hedera  auricuiata  512 
oval  is  493 
X)latanoidea  493 


Hedera  Schimperi  493 
Henryite,  analysis  of  144 
Henry  Monntains  190 
Hesperis  Peak  278 
Hessite,  analysis  of  144 
Hoffman,  W.  J.,  M.  D.,  letter  of  transmit- 
tal of  report  on 
ethuoipiphic  ob- 
servations.   &o. 
459 
letter  of  transmit- 
tal of  report  on 
the  Chaoo  cran- 
inm  451 
report  of^  on  '*  etb- 
ographic    obser- 
vations," &e.,461 
report  on  the  Cbaco 
cranium  453 
Hogback  Cafion  of  Grand  River  171 « 173 
Hogbacks  fronting  Great  Tampa  Plateaa 
368 
near  Tampa  Plateaa  370 
of  Coyote  and  Midland  BaBin 
367 
Holmes,  W.  H.  166,  181,  414 

report  on  the  ancient  mins 
of   Sonthwestem   Colo- 
rado,  examined  during 
the  snmmeFB  of  1875  and 
1876  383 
report  on  the  geology  of 
the  Sierra  Abigo  and  the 
West  San  Migoel  Mooa- 
tains  189 
Homan's  Park,  arable  area  of  329 
Horn-tail  Borer  531 

Horseshoe-bend  of  Grand  River  172,  179 
Hosta  Toste  (Francisco  NasM)  432 
Hovenweep  411 
Hualpai  Indians  474 
Hualpais  466,  476 

location  of  461 

manner  of  besmearing  the  body 
with  blood  amongst  466 
Huerfano  Park,  arable  area  of  327-328 

as  a  grazing  area  345 
region,  porphyritic  trachyte  of 

235 
River,  arable  area  of  327-32S 
Human  remains  found  in  Choes    Cafioo 

443 
Hydrocbarideai  501 
Hymenopbyllum  confusnm  497 

cretaceum  488 
Hypnnm  Haydenii  497 
HjppocastanesB  515 
Ilex  afiSnis  516 
dissimilis  516 
insignis  516 
pruuifolia  516 
strangulata  494 
subdenticnlata  516 
Wyomingiana  516 
Ilicete  516 

Illicinm  lignitnm  514 
Incantations,  Indian  469 
India,  amount  of  water  need  in  inrigation 

in  321 
Indian  tribes  described,  names  of  461 
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iDflaence  of  poxpbyritio  teohytes  849 
luolepis  489 

Iron  mines,  review  of  12S 
Irrigation,  amount  at  water  need  in  3SS0- 
321 
eo8t  of  341 
ditches  339 
Island  Mesa  167, 168, 179 

Pa]ic372 
Italy,  amount  of  water  osed  in  irrriffation 

in  321 
Jackson,  W.  H.  383,  386,  392, 397, 451, 453, 

454,475 
report  on  the  ancient  mine 
examined  in   1875   and 
1877  411 
Jemez,  start  ftom,  May  7,  432 
Jon^,  Capt  W.  A.  468,  474 
Jnglanden  517 
Jaglans  acaminata517 
alkalina  517 
appressa  517 
Califomioa  517 
(Carva)  pioroides  517 
t  Debeyana  494 
denticmata  517 
egrepa517 
lannnea  517 
Leconteana  517 
nigella  517 
Oregoniana  517 
rhamnoides  517 
mgosa  517 
Saffordiana  517 
Sobimperi  517 
thermalis  517 
Woodiana  517 
Junction  Mountain  371 

Plateau  363 
Jurassic  163, 165, 171, 173, 179 

formation,  tables  of  127 
period  28 
Jura,  review  of  108 
Trias  178 

Trias,  White  Biver  72 
White  River  73 
Kern,  B.  H.  442 

Lake  Fork  of  the  Gunnison,  arable  land 

on  335 
profile  of  337 
Lakes,  ancient  87 
Lakes,  Bev.  Arthur  481, 483 
Laramie  Group  33, 77, 124, 174, 177, 181 
La  Plata  Mountains  235 
Lastrea  (Goniopteris)  Goldiana  41^ 

intermedia  497 
polypodioides  497 
Late  Mountains  192 
LaurinesB  491, 510 
Laurus  Broesiana  510 
macrocarpa  491 
Nebrascensis  4U1 
octeoides  510 
prtestans  510 
primigeuia  510 
proteasfolia  491 
social  is  510 
Utahensis  510 
Lead  mining,  review  of  121 
Leguminosn  495, 519 


Legmninosites  t  araohiodes  519 

cassioides  519 
Maroouanns  495 
pisiformis  519 
LemnacesD  501 
Lemna  scntata  501 

Lesquereux,  Prof.  Leo,  identification  of 

fossils  by  181, 
1^,1(^5 
report  of  481 
Letter  of  transmittal  of  report  of  A.   C. 

Peale  161 
report  of  A.  D. 

Wilson  275 
report  of  C.  A. 

White  3 
report  of  Geo.  B. 
Chittenden  349 
report  of  G.  B. 

Belcher  359 
report  of  W.  H. 

Jackson  409 
report  on  arable 
and  pasture 
lands  of  Colo- 
rado, by  Heoiy 
Gannett  311 
Lichenes  496 
Lieutenant  Simpson  385,425,431,433,439, 

442 
Lily's  Park  371 
Lionite,  analyses  of  146. 
Liquidambar  Califomicum  507 
Europsum  507 
gracile  512 
integrifolium  491,492 
Liriodendron  ^iganteum  494 
intermedium  494 
Meekii  493 
primievum  494 
Little  BookCli&  170, 173, 176, 181 

Thompson  Biver,  arable  area  of  325 
Location  of  porphyritic  trachytes  240 
Loew,  Dr.  471 

Prof.  Odcar,  431, 433 
Lomatia  f  microphylla  509 

saportaoea  491 
Lone  Cone  193, 194, 279 

Mountain  163, 165, 180 
porphyritic  trachyte  of  238 
Lontceress  510 

Los  Piuos  Biver,  profile  of  331 
Lower  carboniferous,  tables  of  129 
LozotiBDia  rosaceana  524 
LycopodiacesB  498 
Lycopodinm  prominens  498 
Lygodium  compactnm  498 
Dentoni  498 
Mar  vie  ei  498 
neuropteroides  498 
trichomanoides  488 
MagnoliacesQ  513 
Magnolia  altemans  493 
attenuata  513 
Califomica  513 
Capellini  493 
crdifolia  513 
Hilgardiana  513 
Inglefieldi  513 
lanceolata  513 
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oborata4S0 

ttnnitoluk  49CI 
teonioefTw513 

MAlroi4#w;«M,M4 

IfaiKo*  Ca&rw.  roiiM  od  303 

March  from  Soake  RiTer  to  Tamp*  Rircr 

BavHnipi  Springa  to  Soaka 

RiTer  361 
Williams  Fork  to  White  Rirer 


ei 


Marieopa  Indiana,  location  of  461 
Maneopaa467 
Marine  shell  beads  407 
Marriage  among  Apache  Indians  465 

Indiana  464 
of  Mexicans  and  Indians  465 
Marsh,  G.  P.  320 

Masonry — EzeeasiTe    smallncas    of    the 
stones  in  the  Pneblo  Chettro 
Kettle  440 
Extraordinary  size  of  the  stones 
in  the  mins  in  Monteznma 
Cafion429 
high  quality  of  393, 397 
I>erfect  finish   of,    in    the   P. 
Pintado  436 
Material  resoorces  58 
Mean  <  leration  of  Ck>lonido  313 
Medicine,  Indian  practice  of  469 
Meeker.  N.  C.  311, 339 
Mhui  Verd^  :m 

Mesozoic  formations,  tables  of  l2o 
Metallifcromi  depodits,  review  of  117 
MctalH,  ii»'!  of  3^5 
Metamorphics,  revipw  of  103 
MetamorfihoHed  rockit,  review  of  114 
Metate  4(J7 
M<:tlatl  407 
^leDiMpenuites  aceri folios  494 

cyclophyllus  494 
obtnsilobos  494 
ovaliH  494 
X>opuIifuliuH  494 
saliniensis  494 
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